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ɺɺɽɼɽʅʀɽ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʘʤʦʩʙʦʨʢʠ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ: ʛʣʠʮʠʣ-ʛʣʠʮʠʥʘ, ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-

ʛʣʠʮʠʥʘ, L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʠ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥʘ, ï ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦ- ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ɺʳʙʦʨ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʫʩʪʨʦʡʩʪʚʘʭ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ 

ʢʦʨʦʪʢʦʮʝʧʥʳʝ ʦʣʠʛʦʧʝʧʪʠʜʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʩʘʤʦʩʙʦʨʢʝ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳ, ʦʙʣʘʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʝʜʠʮʠʥʳ, ʵʢʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʠ.  

ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʨʦʰʢʦʚ ʠʣʠ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ 

ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʧʘʨʘӢʤʠ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʨʝʟʫʣʴʪʘʪ ʩʘʤʦʩʙʦʨʢʠ ʠʣʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʠʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʪʠʧʘ ʧʦʜʣʦʞʢʠ ʠ ʪ.ʜ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʨʝʜʢʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ ʚ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʠʣʠ ʠʭ ʧʘʨʘӢʭ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʢʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʘʤʦʩʙʦʨʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ ʧʦʚʝʜʝʥʠʠ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʧʨʠ ʩʘʤʦʩʙʦʨʢʝ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʣʠʷʥʠʠ ʥʘ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʠʧʘ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ. 
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ʀʟʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʨʘʪʝʛʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʅʘ ʨʷʜʫ ʩʦ ʤʥʦʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʚʢʣʶʯʘʷ ʙʠʦʤʦʣʝʢʫʣʳ, ʙʠʦʤʘʪʝʨʠʘʣʳ, ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ. ʕʪʦʪ ʚʠʜ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ 

ʜʝʪʘʣʠʟʘʮʠʡ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʝʪʦʜ ɸʉʄ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʠ ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʝʡʰʝʡ ʘʤʠʥʦʢʠʩʣʦʪʳ: 

ʛʣʠʮʠʥ, ï ʘ ʪʘʢʞʝ ʜʠʧʝʧʪʠʜʳ L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ ʠ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʪʘʪʢʠ ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʘʤʠʥʦʢʠʩʣʦʪ 

ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʧʦʠʩʢʝ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ (ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʦʚ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʧʦʜʣʦʞʝʢ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʦʜʳ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʤʦʣʝʢʫʣʝ ʦʣʠʛʦʧʝʧʪʠʜʘ, ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʜʠ- ʠ 

ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 
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- ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʛʣʠʮʠʣ-ʛʣʠʮʠʥʘ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ 

ʜʠʧʝʧʪʠʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʠʣʘʣʘʥʠʥ ʠ ʣʝʡʮʠʥ, ʥʘ ʪʠʧ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ 

ʠ ʠʭ ʩʚʦʡʩʪʚʘ. 

- ʀʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚʢʣʶʯʘʷ ʘʪʦʤʥʦ-

ʩʠʣʦʚʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʠ ʩʠʣʦʚʫʶ ʤʠʢʨʦʩʢʦʧʠʶ ʧʴʝʟʦʦʪʢʣʠʢʘ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

1. ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ ʠ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-

ʛʣʠʮʠʥ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʠ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʪʠʧʘ ʧʦʜʣʦʞʢʠ (ʩʣʶʜʘ ʠ ɺʆʇɻ) ʠ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ ʠ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-

ʛʣʠʮʠʥ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. 

3. ɺʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

4. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʜʠʧʝʧʪʠʜʦʚ L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ ʠ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

ɺ ʨʘʙʦʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʚ ʪʦʥʢʠʭ 

ʧʣʝʥʢʘʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʦʙʨʘʟʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʪʠʯʝʩʢʘʷ ʨʦʣʴ ʚʦʜʳ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠʚʝʜʝʥ ʩʧʦʩʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʍʘʥʩʝʥʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ 

ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʩ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʚʦʜʳ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʳ ʧʦʜʣʦʞʝʢ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʨʷʜʘ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʜʠʧʝʧʪʠʜʦʚ 

L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ ʠ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʡ ʩʘʤʦʩʙʦʨʢʠ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʜʠʮʠʥʳ, 

ʵʢʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʠ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ. ɸʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʠʣ ʘʜʛʝʟʠʠ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. 

ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, 

ʠʟʤʝʨʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ɼʣʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟʫʯʘʝʤʳʭ 

ʤʦʣʝʢʫʣ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠʤʝʥʷʣʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʘʤʦʩʙʦʨʢʠ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ ʚ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ. 

- ʋʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʘʤʦʩʙʦʨʢʠ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʥʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ çʧʦʜʣʦʞʢʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪè  

- ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʣ-

ʛʣʠʮʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ ʩ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣ 

ʜʠʧʝʧʪʠʜʘ ʠʟ ʥʝʡʪʨʘʣʴʥʦʡ (ʘʤʦʨʬʥʘʷ ʧʣʝʥʢʘ) ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʫʶ ʬʦʨʤʫ 

(ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ), ʩʪʘʙʠʣʠʟʠʨʫʝʤʫʶ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

- ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʠʧʝʧʪʠʜʦʚ L- 

ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ ʠ L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʢʦʪʦʨʳʭ ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ. ɺʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʩʦʩʪʦʠʪ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʠʭ 

ʩʚʦʡʩʪʚ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ 

ʦʙʩʫʞʜʝʥʠʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ 110 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʲʸʤ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʩʯʠʪʳʚʘʝʪ 121 ʩʪʨʘʥʠʮ r ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 63 

ʨʠʩʫʥʢʘ ʠ 4 ʪʘʙʣʠʮʳ.  
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʂʘʟʘʥʩʢʦʛʦ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɽ.ʂ. ɿʘʚʦʡʩʢʦʛʦ ï ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ 

çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʌʀʎ ʂʘʟʅʎ ʈɸʅ) ʚ ʨʘʤʢʘʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʉʦʟʜʘʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦ- ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʫʩʪʨʦʡʩʪʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ɼʠʘʛʥʦʩʪʠʢʘ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʥʘʥʦʯʘʩʪʠʮ 

ʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʥʘʥʦʤʘʪʝʨʠʘʣʳè (ʨʝʛ. ˉ ɸɸɸɸ-ɸ18-118041760011-2), 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ, 

ʢʘʪʘʣʠʟʘ, ʵʥʝʨʛʝʪʠʢʠ, ʥʘʥʦ- ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠè (ʨʝʛ. ˉ 122011800132-52) ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 20-32-90101. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʠ ʜʦʧʦʣʥʷʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ II 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ XXI  ʚʝʢʘè, ʛ. ʂʘʟʘʥʴ, ʂʌʋ (2016), ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ çʂʦʛʝʨʝʥʪʥʘʷ ʦʧʪʠʢʘ ʠ ʦʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè, ʛ. 

ʂʘʟʘʥʴ, ʂʌʋ (2016, 2017, 2019), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʋʨʌʋ (2017, 2018, 2019, 

2022), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ International conference 
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Physica.SPb/2017, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ (2017), 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʅʘʥʦʬʠʟʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʛ. ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ (2019, 2020, 2021, 2022, 2023), ʈʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ (2020, 2022), ʆʙʲʝʜʠʥʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʦʧʪʠʢʘ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝè, 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ (2021). 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 22 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 4 

ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ ʈʌ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ, 

ʘ ʪʘʢʞʝ ʚ 18 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʠʤʧʦʟʠʫʤʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩʦʙʨʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʦʣʠʛʦʧʝʧʪʠʜʘʭ, ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ 

ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʩʘʤʦʩʙʦʨʢʫ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ. 

 

1.1. ʆʣʠʛʦʧʝʧʪʠʜʳ 

ʇʝʧʪʠʜʳ (ʦʪ ʛʨʝʯ. pept·s ï ʧʠʪʘʪʝʣʴʥʳʡ) ï ʧʨʠʨʦʜʥʳʝ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʠʟ ʦʩʪʘʪʢʦʚ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʚ ʮʝʧʴ ʘʤʠʜʥʳʤʠ ʩʚʷʟʷʤʠ [1]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʚ ʧʝʧʪʠʜʘʭ ʨʘʟʣʠʯʘʶʪ ʦʣʠʛʦʧʝʧʪʠʜʳ ʠ ʧʦʣʠʧʝʧʪʠʜʳ.  

ʆʣʠʛʦʧʝʧʪʠʜʳ ï ʧʨʠʨʦʜʥʳʝ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʴʶ. ʕʪʘ 

ʩʚʷʟʴ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʜʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ ʜʨʫʛʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʀʖʇɸʂ [2], 

ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʦʣʠʛʦʧʝʧʪʠʜʘʭ ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 3 ʜʦ 10 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ [2]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥ çʦʣʠʛʦʧʝʧʪʠʜè ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʜʠʧʝʧʪʠʜʦʚ [3, 4]. ʂʦʨʦʪʢʦʮʝʧʥʳʝ ʧʝʧʪʠʜʳ (ʦʣʠʛʦʧʝʧʪʠʜʳ), ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘ, ʤʝʜʠʮʠʥʘ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ 

ʜʨ. [5]. 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʠʧʝʧʪʠʜʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 1. 

ʂʘʢ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʜʠʧʝʧʪʠʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ, 

ʈʠʩʫʥʦʢ 1ʘ, ʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʷʚʣʷʝʪʩʷ 

ʮʚʠʪʪʝʨ-ʠʦʥʥʘʷ ʬʦʨʤʘ, ʈʠʩʫʥʦʢ 1ʙ, [6-8]. ɺ ʵʪʦʡ ʬʦʨʤʝ ʘʤʤʦʥʠʡʥʘʷ (īNH3
+) ʛʨʫʧʧʘ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʴʥʦʛʦ ʧʨʦʪʦʥʦʜʦʥʦʨʘ, ʘ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ (īCOOī) ʛʨʫʧʧʘ 

ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʦʤ.  

ɼʠʧʝʧʪʠʜʳ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʞʜʫ 

ʧʦʣʠʧʝʧʪʠʜʘʤʠ ʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ [9]. ɽʩʣʠ ʚ ʤʦʣʝʢʫʣʝ ʦʣʠʛʦʧʝʧʪʠʜʘ ʩʦʜʝʨʞʠʪʩʷ 
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ʪʨʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ, ʪʦ ʪʘʢʫʶ ʤʦʣʝʢʫʣʫ ʥʘʟʳʚʘʶʪ ʪʨʠʧʝʧʪʠʜ. ʇʦʨʷʜʦʢ 

ʩʚʷʟʳʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʤʦʣʝʢʫʣʝ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʦʣʠʛʦʧʝʧʪʠʜʘ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʍʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʷʨʥʦʡ (ʘ) ʠ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ (ʙ) 

ʩʪʨʫʢʪʫʨ ʜʠʧʝʧʪʠʜʘ. R ï ʟʘʤʝʩʪʠʪʝʣʠ 

 

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʪʠʧ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ) ʦʣʠʛʦʧʝʧʪʠʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ 

ʬʦʨʤʫ ʠ ʚʠʜ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʝʛʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ [10]. ʅʘʧʨʠʤʝʨ, ʜʠʬʝʥʠʣʘʣʘʥʠʥ ʧʨʠ ʩʘʤʦʩʙʦʨʢʝ ʠʟ ʨʘʩʪʚʦʨʘ 

ʬʦʨʤʠʨʫʝʪ ʥʘʥʦʪʨʫʙʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʬʝʥʠʣʛʣʠʮʠʥ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ 

ʜʠʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ ʜʚʝ ïʉʅ2ï ʛʨʫʧʧʳ, ʦʙʨʘʟʫʝʪ ʩʬʝʨʳ [11, 12]. ɸʚʪʦʨʘʤʠ [13] 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ 

ʪʝʪʨʘʧʝʧʪʠʜʘʭ Boc-Gly-Phe-Aib-Leu-OMe ʠ Boc-Gly-Leu-Aib-Phe-OMe. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʩʢʨʫʯʝʥʥʳʝ ʥʠʪʠ, ʘ ʜʣʷ Boc-Gly-

Leu-Aib-Phe-OMe ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʣʝʥʪʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʙʝʣʢʦʚ, ʜʣʷ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʆʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ [14]: Ŭ-ʩʧʠʨʘʣʠ [15] ʠ ɓ-ʩʣʦʠ [16]. 

Ŭ-ʉʧʠʨʘʣʴ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʙʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʠʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʜʥʘʢʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʜʠʟʘʡʥʘ ʤʘʪʝʨʠʘʣʦʚ ʪʦʣʴʢʦ ʥʝʜʘʚʥʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʣʶʯʝʚʳʝ 

ʤʦʣʝʢʫʣʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʵʪʠʭ ʩʧʠʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʙʠʦʤʘʪʝʨʠʘʣʳ [14]. 

Ŭ-ʉʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʘʤʠʜʘʤʠ. ʀʭ ʧʦʩʣʝʜʫʶʱʘʷ ʫʧʘʢʦʚʢʘ ʚ ʩʚʝʨʥʫʪʳʝ ʨʫʣʦʥʳ ʠ 



13 

ʜʘʣʴʥʝʡʰʘʷ ʩʙʦʨʢʘ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʘʤʠʥʦʢʠʩʣʦʪ [17]. Ha ʢʘʞʜʳʡ ʚʠʪʦʢ ʧʨʠʭʦʜʠʪʩʷ 3.6 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ, ʰʘʛ ʚʠʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 0.54 ʥʤ. ʉʧʠʨʘʣʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 12 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ Ŭ-

ʩʧʠʨʘʣʠ ʦʣʠʛʦʧʝʧʪʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ Ŭ-ʩʧʠʨʘʣʠ ʦʣʠʛʦʧʝʧʪʠʜʘ [18] 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʩʧʠʨʘʣʷʤʠ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʙʦʢʦʚʳʭ ʮʝʧʝʡ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʠʟ ʩʧʠʨʘʣʠ ʥʘʨʫʞʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʠʝ 

ʪʘʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʥʘ ʧʨʘʢʪʠʢʝ, ʦʪʯʘʩʪʠ ʧʦʪʦʤʫ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʝʡ 

ʜʣʠʥʳ (20-30 ʘʤʠʥʦʢʠʩʣʦʪ) ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ Ŭ-ʩʧʠʨʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʉʧʠʨʘʣʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ ʩʙʦʨʢʠ Ŭ-ʩʧʠʨʘʣʝʡ ʚ ʙʦʣʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʝ ʦʙʲʝʢʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʛʠʜʨʦʬʦʙʥʳʤ ʠ ʟʘʨʷʞʝʥʥʳʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ [14]. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʰʝʜʰʠʭ ʩʚʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʛʠʜʨʦʛʝʣʴ [19]. 

 



14 

ɓ-ʉʣʦʠ 

ɓ-ʉʣʦʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʙʣʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ [14, 

20] ʠ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ [20]. ɓ-ʉʣʦʠ ʩʦʩʪʦʷʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʛʠʜʨʦʬʦʙʥʳʤʠ ʠ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, 

ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʧʪʠʜʥʳʡ ʦʩʪʦʚ ʘʤʬʠʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, 

ʣʝʥʪʳ ʠʟ ɓ-ʩʣʦʝʚ ʟʘ ʩʯʝʪ ʧʨʠʪʷʞʝʥʠʷ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʩʧʦʩʦʙʥʳ 

ʦʙʲʝʜʠʥʷʪʴʩʷ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʛʠʜʨʦʛʝʣʠ [14, 20]. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ɓ-

ʩʣʦʷ ʦʣʠʛʦʧʝʧʪʠʜʘ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 3. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ɓ-ʩʣʦʷ ʦʣʠʛʦʧʝʧʪʠʜʘ [18] 

 

ʂʦʨʦʪʢʦʮʝʧʥʳʝ ʦʣʠʛʦʧʝʧʪʠʜʳ ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʙʣʦʢʘʤʠ ʠʟ-ʟʘ ʠʭ ʧʨʦʩʪʦʛʦ ʩʠʥʪʝʟʘ, ʙʦʛʘʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʧʨʠʩʫʱʝʡ ʠʤ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ [21]. ʉʘʤʦʩʙʦʨʢʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʝʧʪʠʜʦʚ 

ʤʦʞʝʪ ʜʘʪʴ ʨʷʜ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʜʣʷ ʤʥʦʛʠʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʩʘʤʦʩʦʙʠʨʘʶʱʠʭʩʷ ʧʝʧʪʠʜʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʚʢʣʶʯʘʶʪ 

ʚʢʣʶʯʘʶʪ ʠʭ ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʢʘʢ ʜʣʷ ʛʠʜʨʦʬʦʙʥʳʭ, 

ʪʘʢ ʠ ʜʣʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [14]. 
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1.2. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ: ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʘʤʦʩʙʦʨʢʘ 

ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ: çtop-downè 

(ʩʚʝʨʭʫ-ʚʥʠʟ) ʠ çbottom-upè (ʩʥʠʟʫ-ʚʚʝʨʭ). ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʩʚʝʨʭʫ-

ʚʥʠʟè ʠ çʩʥʠʟʫ-ʚʚʝʨʭè ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 

4. 

1.2.1. ʇʦʜʭʦʜ rçʩʚʝʨʭʫ-ʚʥʠʟè ʠ çʩʥʠʟʫ-ʚʚʝʨʭè. 

ʇʦʜʭʦʜ çʩʚʝʨʭʫ-ʚʥʠʟè ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ 

ʥʘʥʦ-ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠʣʠ ʯʘʩʪʠʮ. ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʩʪʘʚʣʷʝʪ ʤʠʢʨʦʥʳ. ʇʨʠʤʝʨʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʤʦʢʨʳʡ ʧʦʤʦʣ ʥʘ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ [22]. 

ʀʟʤʝʣʴʯʝʥʠʝ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʦʙʨʘʙʦʪʢʝ 

ʢʝʨʘʤʠʢʠ ʠ ʤʠʥʝʨʘʣʦʚ, ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʦʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ 

ʯʘʩʪʠʮ. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʩʚʝʨʭʫ-ʚʥʠʟè ʠ çʩʥʠʟʫ-ʚʚʝʨʭè 

ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 
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ʊʨʫʜʥʦʩʪʴ ʧʦʜʭʦʜʘ çʩʚʝʨʭʫ-ʚʥʠʟè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʚʘʥʠʠ ʚʩʝʭ ʯʘʩʪʠʮ ʜʦ 

ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʪʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʧʦʨʦʰʢʦʚ. 

ʅʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ZnO 

ʥʘʥʦʧʨʦʚʦʜʘ [23]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʥʘʥʦʧʨʦʚʦʜʦʚ ʙʨʘʣʠ ʦʙʨʘʟʝʮ ʢʨʝʤʥʠʷ ʩʦ 

ʩʣʦʝʤ, ʪʝʨʤʠʯʝʩʢʠ ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʝ SiO2. ɼʘʣʝʝ ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛʘʣʩʷ 

ʘʥʠʟʦʪʨʦʧʥʦʤʫ ʪʨʘʚʣʝʥʠ ʁʤʘʪʝʨʠʘʣʘ ʥʘ ʧʣʦʩʢʦʡ ʧʦʜʣʦʞʢʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ 

ʧʦʜʭʦʜ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʧʨʦʚʦʜʦʚ, ʩ ʤʝʥʴʰʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, 

ʚ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ ʥʘ ʧʣʘʩʪʠʥʝ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʘʥʦʧʨʦʚʦʣʦʢʠ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ, ʥʘ ʪʦʤ ʞʝ ʩʘʤʦʤ ʯʠʧʝ [23]. 

 

ʇʦʜʭʦʜ çʩʥʠʟʫ-ʚʚʝʨʭè ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠʣʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʦʪ ʩʘʤʳʭ ʤʝʣʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ: ʘʪʦʤ ʟʘ ʘʪʦʤʦʤ, ʤʦʣʝʢʫʣʘ ʟʘ 

ʤʦʣʝʢʫʣʦʡ, ʢʣʘʩʪʝʨ ʟʘ ʢʣʘʩʪʝʨʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʨʘʟʜʝʣ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʥʘʟʳʚʘʝʪʩʷ çʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʝʡè [24]. ɺ ʤʝʪʦʜʝ çʩʥʠʟʫ-ʚʚʝʨʭè ʧʨʦʩʪʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʠʣʠ ʥʘʥʦʩʪʨʫʢʪʫʨ [12, 25]. 

ʉʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ çʩʥʠʟʫ-ʚʚʝʨʭè ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʭ ʘʥʩʘʤʙʣʝʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʘʤʦʩʙʦʨʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʪʘʥʝʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʩʦʙʝʥʥʦ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ [25]. 

ʂ ʧʦʜʭʦʜʫ çʩʥʠʟʫ-ʚʚʝʨʭè ʦʪʥʦʩʷʪʩʷ ʠ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʘʤʦʩʙʦʨʢʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ. 

 

1.2.2. ʄʦʣʝʢʫʣʷʨʥʘ ̫ʩʘʤʦʩʙʦʨʢʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠ ̫

ʄʦʣʝʢʫʣʷʨʥʫʶ ʩʘʤʦʩʙʦʨʢʫ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ ʠ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʝʜʠʥʠʮ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠ- ʠ/ʠʣʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [24-27]. ʕʪʠ ʧʦʥʷʪʠʷ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʠ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ ʥʝʦʯʝʚʠʜʥʳ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʘʤʦʩʙʦʨʢʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʩʙʦʨʢʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ ʣʦʢʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʘʤʦʩʙʦʨʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʠ 

ʝʝ ʨʝʟʫʣʴʪʘʪʦʤ ʚʩʝʛʜʘ ʙʫʜʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ [27]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʩʙʦʨʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʪʁ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. 

ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ, ʥʘʧʨʦʪʠʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʜʘʣʠ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. ʆʥʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʩ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʵʥʝʨʛʠʠ [27]. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʘʢ ʥʘ 

ʥʘʥʦ-, ʪʘʢ ʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʥʝ ʨʘʟʜʝʣʷʶʪ ʜʘʥʥʳʝ ʧʦʥʷʪʠʷ ʠ ʫʧʦʪʨʝʙʣʷʶʪ ʪʝʨʤʠʥ 

çʩʘʤʦʩʙʦʨʢʘè ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʨʦʮʝʩʩʘ [26-28]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʪʠ ʪʝʨʤʠʥʳ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʛʣʘʩʥʦ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʘʣʝʝ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩ ̫ ʧʦʥʷʪʠʝ çʤʦʣʝʢʫʣʷʨʥʘʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷè [27, 29]. ʇʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʚʙʣʠʟʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ 

ʨʘʤʢʘʭ ʧʦʥʷʪʠʷ çʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʩʙʦʨʢʠè. 

 

1.3. ʄʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ʙʣʘʛʦʜʘʨʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʘʤʦʩʙʦʨʢʠ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ [30-32]. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [32-33] ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ [30, 31].  
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ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʜʠʬʝʥʠʣʘʣʘʥʠʥʘ 

ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [34]. 

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ [34] ʧʦʢʘʟʳʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ (PhePhe) ʠ L-

ʬʝʥʠʣʘʣʘʥʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ (PhePhePhe). ʆʙʘ ʦʣʠʛʦʧʝʧʪʠʜʘ 

ʨʘʩʪʚʦʨʷʣʠ ʚʦ ʬʪʦʨʠʨʦʚʘʥʥʦʤ ʩʧʠʨʪʝ, ʘ ʟʘʪʝʤ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ. PhePhe 

ʩʘʤʦʩʦʙʠʨʘʣʩʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʧʝʧʪʠʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʈʠʩʫʥʦʢ 5ɸ). 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʘʤʦʩʙʦʨʢʘ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʬʝʥʠʣʘʣʘʥʠʥʘ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ. (A) ESEM ʫʜʣʠʥʝʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʥʘʥʦʪʨʫʙʦʢ PhePhe. (B) ʇʕʄ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʩʙʦʨʦʢ PhePhePhe ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. (C) ʉʕʄ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʣʦʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩʙʦʨʦʢ PhePhePhe. (D) 

ESEM-ʠʟʦʙʨʘʞʝʥʠʝ ʩʙʦʨʦʢ PhePhePhe [34] 

 

PhePhePhe ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʩʘʤʦʩʦʙʠʨʘʣʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. ɸʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʇʕʄ) ʧʦʢʘʟʘʣ, ʯʪʦ PhePhePhe ʬʦʨʤʠʨʫʝʪ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʫʜʣʠʥʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 5ɺ). ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʩʘʤʙʣʝʡ ʙʳʣʦ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ, 
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ʘʤʦʨʬʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨ PhePhePhe ʠʩʧʦʣʴʟʦʚʘʣʠ ʠ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʉʕʄ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ PhePhePhe, ʧʦʜʦʙʥʦ ʥʘʥʦʪʨʫʙʢʘʤ PhePhe, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ ʤʠʢʨʦʤʝʪʨʘ (ʈʠʩʫʥʦʢ 

5ʉ). ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ESEM) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʤʦʨʬʦʣʦʛʠʶ ʩʙʦʨʢʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʈʠʩʫʥʦʢ 5D). 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʨʘʩʪʚʦʨʦʚ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʪʥʦʩʷʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʠʟ ʨʘʩʪʚʦʨʘ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʘʤʠ [32] ʦʧʠʩʘʥʦ 

ʧʦʣʫʯʝʥʠʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟ ʜʠʬʝʥʠʣʘʣʘʥʠʥʘ ʠ ʝʛʦ ʪʨʝʪ-ʙʫʪʠʣʜʠʢʘʨʙʦʥʘʪ 

(ɺʆʉ) ʧʨʦʠʟʚʦʜʥʦʛʦ. ʇʦ ʦʪʜʝʣʴʥʦʩʪʠ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʦʙʨʘʟʫʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʨʭʠʪʝʢʪʫʨʳ: ʜʠʬʝʥʠʣʘʣʘʥʠʥ ï ʪʨʫʙʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʝʛʦ ɺʆʉ-

ʧʨʦʠʟʚʦʜʥʦʝ ï ʩʬʝʨʳ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠ ʦʣʠʛʦʧʝʧʪʠʜʳ 

ʬʦʨʤʠʨʫʶʪ ʦʞʝʨʝʣʴʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʬʝʨ, ʩʦʝʜʠʥʝʥʥʳʭ ʫʜʣʠʥʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

[32]. ʅʝʜʦʩʪʘʪʢʘʤʠ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʨʘʩʪʚʦʨʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩ ʪʦʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʝʱʝʩʪʚ [33, 35] ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ, 

ʪʘʢʠʤ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ [36] ʠ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ [37]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ, ʪʘʢʠʝ ʢʘʢ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ [30], 

ʪʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ [31], ʦʙʨʘʙʦʪʢʘ ʪʦʥʢʠʭ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʧʘʨʘʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʚʦʜʳ [38, 39].  

ʄʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʚʦʣʦʢʥʘ, ʥʘʥʦʪʨʫʙʢʠ, ʧʦʨʦʰʢʠ, ʪʦʥʢʠʝ 

ʧʣʝʥʢʠ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʠ ʦʪʣʦʞʝʥʠʷ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʚ ʪʝʯʝʥʠʝ 

ʤʥʦʛʠʭ ʣʝʪ [40]. ʆʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʘʮʠʠ [41], ʧʦʵʪʦʤʫ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ, ʘ ʥʝ ʠʟ ʠʩʭʦʜʥʳʭ ʜʠʧʝʧʪʠʜʦʚ. 
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ʇʣʝʥʢʠ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ (ʃɹ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʥʩʦʨʘʭ, 

ʙʠʦʩʝʥʩʦʨʘʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʜʝʣʝʡ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʤʦʞʥʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ [42]. ʆʜʥʘʢʦ, ʪʘʢ ʢʘʢ 

ʤʝʪʦʜʠʢʘ ʃɹ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʩ ʛʨʘʥʠʮʳ 

ʚʦʟʜʫʭ-ʚʦʜʘ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ [43], ʪʦ ʧʨʠ ʧʝʨʝʥʦʩʝ ʤʦʥʦʩʣʦʷ ʝʛʦ ʩʪʨʫʢʪʫʨʘ 

ʯʘʩʪʦ ʠʟʤʝʥʷʝʪʩʷ. ʇʦʵʪʦʤʫ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʣʝʥʦʢ 

ʥʝʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʥʦʩʣʦʷ, ʩʚʦʡʩʪʚʘ ʩʫʙʬʘʟʳ (ʩʦʩʪʘʚ, ʨʅ, ʥʘʣʠʯʠʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʘ), ʧʨʠʨʦʜʘ ʧʦʜʣʦʞʢʠ, ʩʢʦʨʦʩʪʴ ʧʦʛʨʫʞʝʥʠʷ/ʚʩʧʣʳʪʠʷ 

ʧʦʜʣʦʞʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʥʦʩʠʤʳʭ ʤʦʥʦʩʣʦʝʚ [43]. 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ, ʪʠʧ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ, 

ʚʘʨʴʠʨʫʷ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ/ʠʣʠ ʧʘʨʦʦʙʨʘʟʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʥʘʩʳʱʝʥʠʷ 

ʧʣʝʥʢʠ ʧʘʨʘʤʠ [44]. ʆʜʥʠʤ ʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʤʦʨʬʥʳʭ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʦʜʣʦʞʢʘʤ: ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʟ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʝʥʦʢ [45]. 
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1.4. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʠ ʩʘʤʦʩʙʦʨʢʫ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʜ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʠʧ, 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʝʧʪʠʜʘ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘ, pH ʩʨʝʜʳ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʧʪʠʜʘ ʚ ʨʘʩʪʚʦʨʝ ʠ ʜʘʞʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ [46]. 

 

1.4.1. ɺʣʠʷʥʠʝ ʪʠʧʘ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʣʠʛʦʧʝʧʪʠʜʘ 

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʪʠʧ, ʢʦʣʠʯʝʩʪʚ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ) ʦʣʠʛʦʧʝʧʪʠʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ ʠ ʚʠʜ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʝʛʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 6 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ) ʠʩʭʦʜʥʦʡ AlaVal -ʧʣʝʥʢʠ, 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɺʆʇɻ ʠʟ ʨʘʩʪʚʦʨʘ ʤʝʪʘʥʦʣʘ; ʧʣʝʥʢʘ ʙʳʣ ʥʘʩʳʱʝʥʘ 

ʧʘʨʘʤʠ (b) ʧʠʨʠʜʠʥʘ ʚ ʪʝʯʝʥʠʝ 2 ʯ, (ʩ) ʠ (d) ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ ʪʝʯʝʥʠʝ 75 ʤʠʥ, ʊ = 

298 ʂ. ɼʦ ɸʉʄ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʝ ʧʣʝʥʢʠ ʚʳʩʫʰʠʚʘʣʠʩʴ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ (45ęC) 

ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ [10] 
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ɸʚʪʦʨʘʤʠ [10] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚ L-

ʘʣʘʥʠʣ-L-ʚʘʣʠʥ (AlaVal) ʠ L-ʚʘʣʠʣ-L-ʘʣʘʥʠʥ (ValAla) ʥʘ ʠʭ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʠ ʚʦʜʝ. ʀʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʣʦʛʠʠ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ AlaVal ʠ ValAla ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʚʦʜʳ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʈʠʩʫʥʦʢ 6. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʥʘʥʦ- ʠ ʤʠʢʨʦʦʙʲʝʢʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ, ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʜʠʧʝʧʪʠʜʘ. 

ɺ ʨʘʙʦʪʝ [47] ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʣʠʛʦʧʝʧʪʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʪʘʪʢʦʚ: A5N5 (5 ʘʣʘʥʠʥʦʚ ʠ 5 ʘʩʧʘʨʘʛʠʥʦʚ), D5N5 (5 

ʘʩʧʘʨʘʛʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 5 ʘʩʧʘʨʘʛʠʥʦʚ), H5D5 (5 ʛʠʩʪʠʜʠʥʦʚ ʠ 5 ʘʩʧʘʨʘʛʠʥʦʚʳʭ 

ʢʠʩʣʦʪ), ʘ ʪʘʢʞʝ ʝʱʝ 3 ʦʙʨʘʟʮʘ ʩ ʜʨʫʛʠʤ ʧʦʨʷʜʢʦʤ ʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʚ ʤʦʣʝʢʫʣʝ: N5A5, N5D5, H5D5. 

 

 

ʈʠʩʫʥʦʢ 7 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʧʪʠʜʦʚ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ ʧʨʠ 

ʨʅ 2.5 [47] 

 

ʇʝʨʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, A5N5, ʦʙʨʘʟʦʚʳʚʘʣʘ ʧʝʧʪʠʜʥʳʝ ʘʛʨʝʛʘʪʳ 

ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʈʠʩʫʥʦʢ 7, ʚʳʩʦʪʦʡ 0.8Ñ0.1 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ N5A5, ʜʘʚʘʣʘ 

ʩʢʨʫʯʝʥʥʳʝ ʘʤʠʣʦʠʜʦʧʦʜʦʙʥʳʝ ʬʠʙʨʠʣʣʳ ʚʳʩʦʪʦʡ 4.0Ñ0.2 ʥʤ. ʇʨʠ ʟʘʤʝʥʝ ʘʣʘʥʠʥʘ 

ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (D5N5) ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʩʢʨʫʯʝʥʥʳʝ ʬʠʙʨʠʣʣʳ ʚʳʩʦʪʦʡ 

3.0Ñ0.2 ʥʤ. ɽʛʦ ʟʘʤʝʥʝʥʥʳʡ ʘʥʘʣʦʛ (N5D5) ʠʤʝʣ ʩʪʨʫʢʪʫʨʫ ʧʦʨʠʩʪʦʡ ʧʣʝʥʢʠ. ʇʨʠ 

ʟʘʤʝʥʝ ʘʩʧʘʨʛʠʥʘ ʛʠʩʪʠʜʠʥʦʤ, D5H5, ʚ ɸʉʄ ʘʥʘʣʠʟʝ ʚʠʜʥʳ ʪʦʣʴʢʦ ʯʘʩʪʠʮʳ ʠ 
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ʥʝʙʦʣʴʰʠʝ ʧʝʧʪʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚʳʩʦʪʦʡ 1.4Ñ0.1 ʥʤ. ɼʣʷ ʧʦʩʣʝʜʥʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, H5D5, ʥʘʙʣʶʜʘʣʩʷ ʦʜʥʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʧʝʧʪʠʜʥʳʭ ʧʷʪʝʥ. 

ʊʠʧʳ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʣʠʛʦʧʝʧʪʠʜʘ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʈʠʩʫʥʦʢ 8 [11, 12]. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʠʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣ ʜʠʧʝʧʪʠʜʦʚ ʚʩʝʛʦ ʥʘ ʜʚʝ ïʉʅ2ï ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʣʠʯʠʷʤ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ï

ʉʅ2ï ʛʨʫʧʧ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʜʠʧʝʧʠʜʘ ʚ ʥʘʥʦʪʨʫʙʢʠ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ï ʚ ʩʬʝʨʳ [11, 12]. 

 

 

ʈʠʩʫʥʦʢ 8 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʦʩʪʳʤ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʜʠʧʝʧʪʠʜʦʤ [12] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ çʥʘʩʪʨʘʠʚʘʪʴè ʤʦʨʬʦʣʦʛʠʶ ʩʘʤʦʩʦʙʠʨʘʶʱʠʭʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʠʟʤʝʥʷʷ ʢʦʣʠʯʝʩʪʚʦ, ʪʠʧ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʪʠʧʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʦʣʝʢʫʣʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʣʠʛʦʧʝʧʪʠʜʘ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʠʧ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʥʳʤ. 
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1.4.2. ɺʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠ ̫

ʥʘʥʦʤʘʪʝʨʠʘʣʘ 

ʇʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʤʝʩʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʠ ʚʠʜ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. 

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʘʤʠ [48] ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʛʦʩʷ ʦʨʛʘʥʦʛʝʣʷ ʠʟ ʜʠʧʝʧʪʠʜʘ ʜʠʬʝʥʠʣʘʣʘʥʠʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʮʚʝʪʢʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʪʦʣʫʦʣʘ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʵʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ, ʈʠʩʫʥʦʢ 9. 

 

 

ʈʠʩʫʥʦʢ 9 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʵʪʘʥʦʣʘ: ʘ) 0%; b) 10%; c, d) 25%; e) 40%; f) 70%; g, h) 100% [48] 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʨʘʩʪʚʦʨʠʪʝʣʴ ʵʪʘʥʦʣ, ʠʤʝʶʱʠʡ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʦʣʷʨʥʦʩʪʴ, ʯʝʤ ʪʦʣʫʦʣ, ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ ʚ ʩʤʝʰʘʥʥʳʭ 
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ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʦʨʛʘʥʦʛʝʣʝʡ ʚ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʳ. 

ɺ ʨʘʙʦʪʝ [49] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ ʪʨʠʧʝʧʪʠʜʘ ʘʣʘʥʠʣ-ʘʣʘʥʠʣ-ʛʣʠʮʠʥ (AlaAlaGlu). ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʪʨʠʧʝʧʪʠʜʘ, ʥʘʥʝʩʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ (ʅ2ʆ, CCl4 ʠ CHCl3), ʈʠʩʫʥʦʢ 10. 

 

 

ʈʠʩʫʥʦʢ 10 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʪʨʠʧʝʧʪʠʜʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʨʘʩʪʚʦʨʦʚ: ʩʣʝʚʘ ʥʘʧʨʘʚʦ CCl4, ʅ2ʆ ʠ CHCl3 [49] 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʨʘʩʪʚʦʨʘ ʚ CCl4 ʬʦʨʤʠʨʫʶʪʩʷ ʚʦʣʦʢʥʠʩʪʳʝ ʧʫʯʢʠ, ʠʟ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ï ʠʛʣʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʠʟ ʭʣʦʨʦʬʦʨʤʘ ï ʨʝʛʫʣʷʨʥʳʝ ʛʣʘʜʢʠʝ 

ʩʪʨʫʢʪʫʨʳ. 

 

1.4.3. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʦʣʠʛʦʧʝʧʪʠʜʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ [50]. 

ɸʚʪʦʨʘʤʠ [51] ʩ ʧʦʤʦʱʴʶ ɸʉʄ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʘʤʦʩʙʦʨʢʠ 

ʦʣʠʛʦʧʝʧʪʠʜʘ GAV-9 (NH2-VGGAVVAGV -CONH2) ʠʟ ʝʛʦ ʨʘʩʪʚʦʨʦʚ ʚ ʵʪʘʥʦʣʝ, 

ʈʠʩʫʥʦʢ 11, ʠ ʘʮʝʪʦʥʝ ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʶʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʦʣʠʛʦʧʝʧʪʠʜʘ GAV-9 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʠʛʦʧʝʧʪʠʜ ʩʘʤʦʦʨʛʘʥʠʟʫʝʪʩʷ ʩ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʝʨʞʥʝʡ, ʈʠʩʫʥʦʢ 11ɸ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 7 ʤʢʄ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʙʨʠʣʣ, ʈʠʩʫʥʦʢ 11 ɺ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʪʥʦʛʦ 

ʩʣʦʷ ʬʠʙʨʠʣʣ ʩ ʩʠʤʤʝʪʨʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʧʠʪʘʢʩʠʠ ʧʦʜʣʦʞʢʠ, ʈʠʩʫʥʦʢ 11 ʉ. 

ɽʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʣʠʛʦʧʝʧʪʠʜʘ ʙʳʣʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ (280 ʤʢʄ), ʬʠʙʨʠʣʣʳ, 

ʬʦʨʤʠʨʫʝʤʳʝ ʥʘ ʧʦʜʣʦʞʢʝ, ʥʝ ʠʤʝʶʪ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʈʠʩʫʥʦʢ 11D [51]. 

 

 

ʈʠʩʫʥʦʢ 11 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʨʝʞʠʤʝ ʪʦʧʦʛʨʘʬʠʠ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʣʠʛʦʧʝʧʪʠʜʘ GAV-9 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ 

ʵʪʘʥʦʣʝ (ɸ) 1.4 ʤʢʄ, (ɺ) 7 ʤʢʄ, (ʉ) 28 ʤʢʄ, ʠ (D) 280 ʤʢʄ [51] 

 

1.4.4. ɺʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ 

ɺʦʜʘ ʩʧʦʩʦʙʥʘ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʠ ʤʦʞʝʪ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʦʣʠʛʦʧʝʧʪʠʜʘʤʠ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ 

ʧʘʨʦʚ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ, ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʦʢ. 

ɸʚʪʦʨʘʤʠ [52] ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʣʝʥʢʘ L-ʣʝʡʮʠʣ-L-ʣʝʡʮʠʥ (LeuLeu), ʥʘʥʝʩʝʥʥʘʷ 

ʥʘ ɺʆʇɻ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 90%, ʈʠʩʫʥʦʢ 12. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦ ʬʦʨʤʝ ʧʦʭʦʞʠʝ ʥʘ ʵʣʝʤʝʥʪʳ, 
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ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʙʦʣʝʝ ʩʫʭʦʤ ʚʦʟʜʫʭʝ. ʇʨʠ ʵʪʦʤ 

ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʣʝʥʢʘ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʛʣʘʜʢʦʡ. ʆʙʥʘʨʫʞʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ LeuLeu ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʪʦʣʱʠʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʦʪ 45% ʜʦ 90%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʧʣʦʱʘʜʴ ʨʘʩʪʝʢʘʥʠʷ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʜʠʧʝʧʪʠʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 

ʫʤʝʥʴʰʘʝʪʩʷ [52]. 

 

 

ʈʠʩʫʥʦʢ 12 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ LeuLeu, 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʤʝʪʘʥʦʣʝ. ʊʝʤʧʝʨʘʪʫʨʘ 25Áʉ, ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ 90%. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʧʣʝʥʢʘ ʦʩʫʰʘʣʘʩʴ ʚ ʪʦʢʝ ʪʝʧʣʦʛʦ 

ʚʦʟʜʫʭʘ 45Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. ʅʘ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʦ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʨʘʟʤʝʨʦʤ 2 Ĭ 2 ʤʢʤ2 [52] 

 

1.4.5. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʩʘʤʦʩʦʙʠʨʘʶʱʠʭʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. ɺ ʨʘʙʦʪʝ [53] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʩʘʤʦʩʙʦʨʢʘ ʪʝʪʨʘʧʝʧʪʠʜʘ RWDW (R = ʘʨʛʠʥʠʥ, W = ʪʨʠʧʪʦʬʘʥ, D = ʘʩʧʘʨʘʛʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ) ʧʨʠ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 15Áʉ, 25Áʉ ʠ 35Áʉ, ʈʠʩʫʥʦʢ 13. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 15Áʉ 44% ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʧʦʢʨʳʪʦ ʜʦʚʦʣʴʥʦ ʛʫʩʪʦʡ 

ʩʝʪʴʶ ʧʝʨʝʧʫʪʘʥʥʳʭ ʚʦʣʦʢʦʥ. 
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ʇʨʠ 25Áʉ ʥʘ ʧʦʜʣʦʞʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʣʦʡ ʬʠʙʨʠʣʣ (ʧʦʢʨʳʪʠʝ 31%) ʧʦʚʝʨʭ 

ʚʪʦʨʦʛʦ ʩʣʦʷ ʬʠʙʨʠʣʣ (ʦʙʱʝʝ ʧʦʢʨʳʪʠʝ 98%). ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʠ ʪʦʣʩʪʳʝ ʘʛʨʝʛʘʪʳ. ʇʨʠ 35Áʉ ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʧʦʯʪʠ ʢʨʫʛʣʳʝ 

ʘʛʨʝʛʘʪʳ, ʧʦʢʨʳʚʘʶʱʠʝ ʣʠʰʴ 13% ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ. 

 

   

ʈʠʩʫʥʦʢ 13 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʪʚʦʨʘ RWDW, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʣʶʜʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: ʘ) 15Áʉ, b) 25Áʉ ʠ c) 35Áʉ [53] 

 

1.4.6. ɺʣʠʷʥʠʝ ʧʦʜʣʦʞʢʠ 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʘʤʠ ɸʉʄ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʣʘʜʢʠʝ ʧʦʜʣʦʞʢʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʙʥʦʚʣʝʥʘ ʠʣʠ 

ʟʘʯʠʱʝʥʘ. ʂ ʪʘʢʠʤ ʧʦʜʣʦʞʢʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʶʜʘ, ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʢ (ɺʆʇɻ) ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ. 

ɺʆʇɻ ʠ ʩʣʶʜʘ ï ʜʚʘ ʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʧʠʨʦʛʨʘʬʠʪ ʛʠʜʨʦʬʦʙʝʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʣʶʜʘ ʛʠʜʨʦʬʠʣʴʥʘ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ-ʟʘʨʷʞʝʥʘ. ʂ ʪʦʤʫ ʞʝ ʦʙʘ ʤʘʪʝʨʠʘʣʘ ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʠʝ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ɸʉʄ ʤʥʦʛʠʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʙʝʣʢʠ 

[54]. ʉʣʶʜʳ ʦʙʨʘʟʫʶʪ ʛʨʫʧʧʫ ʤʠʥʝʨʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʦʚʝʨʰʝʥʥʦʡ 

ʩʧʘʡʥʦʩʪʴʶ ï ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʱʝʧʣʷʪʴʩʷ ʥʘ ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʢʠ ʩ ʨʦʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʣʦʱʘʜʴ ʪʘʢʠʭ ʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʢʚʘʜʨʘʪʥʳʭ ʤʠʢʨʦʤʝʪʨʦʚ. 

ɻʨʘʬʠʪ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʧʨʠʨʦʜʝ ʤʠʥʝʨʘʣ. ɺʩʪʨʝʯʘʝʪʩʷ ʦʙʳʯʥʦ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʳʭ ʯʝʰʫʝʢ, ʧʣʘʩʪʠʥʦʢ ʠ ʩʢʦʧʣʝʥʠʡ, ʨʘʟʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʛʨʘʬʠʪʘ. ʇʠʨʦʛʨʘʬʠʪ ð ʵʪʦ ʛʨʘʬʠʪ, ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʞʜʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ 
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ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʚ ʠʥʪʝʨʚʘʣʝ 750-2400Áʉ). ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʠʨʦʛʨʘʬʠʪʘ ʦʙʣʘʜʘʝʪ ʘʪʦʤʘʨʥʦ-ʨʦʚʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. ɽʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʣʦʝʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʧʨʘʚʠʣʴʥʳʤʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘʤʠ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʋʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʢʘʞʜʦʛʦ 

ʩʣʦʷ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʪʠʚ ʮʝʥʪʨʦʚ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʝʜʥʠʭ 

ʩʣʦʷʭ (ʥʠʞʥʝʤ ʠ ʚʝʨʭʥʝʤ). ʇʦʣʦʞʝʥʠʝ ʩʣʦʝʚ ʧʦʚʪʦʨʷʝʪʩʷ ʯʝʨʝʟ ʦʜʠʥ, ʘ ʢʘʞʜʳʡ 

ʩʣʦʡ ʩʜʚʠʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [55, 56]. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʯʠʱʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʫʪʝʤ ʩʢʘʣʳʚʘʥʠʷ ʩ ʭʦʨʦʰʝʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʍʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʡ ʧʠʨʦʛʨʘʬʠʪ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʥʘʥʦʩʠʤʳʤ ʦʙʨʘʟʮʦʤ. 

ɸʚʪʦʨʘʤʠ [41] ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʛʣʠʮʠʣ-ʛʣʠʮʠʥʘ 

(GlyGly) ʠ ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-ʛʣʠʮʠʥʘ (GlyGlyGly) ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ, ʈʠʩʫʥʦʢ 

14.  

 

ʈʠʩʫʥʦʢ 14 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ 

ʩʣʶʜʫ ʠʟ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ: ʚ ʨʝʞʠʤʝ ʪʦʧʦʛʨʘʬʠʠ (ʘ, c) ʠ ʚ ʨʝʞʠʤʝ ʬʘʟʦʚʦʛʦ 

ʢʦʥʪʨʘʩʪʘ (b, d). ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʦ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʩ ʈʠʩʫʥʦʢ 

13 c [41] 



30 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʧʝʧʪʠʜ ʦʙʨʘʟʫʝʪ ʧʣʝʥʢʫ, ʧʦʢʨʳʪʫʶ ʩʬʝʨʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʈʠʩʫʥʦʢ 14, ʠ ʛʣʘʜʢʫʶ ʧʣʝʥʢʫ ʥʘ 

ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʨʦʛʨʘʬʠʪʘ. 

ɺ ʩʣʫʯʘʝ ʪʨʠʧʝʧʪʠʜʘ ʛʣʘʜʢʘʷ ʧʣʝʥʢʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʥʦ ʥʘ 

ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʧʣʝʥʢʘ ʧʦʢʨʳʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ 

[41]. 

ɸʚʪʦʨʘʤʠ [57] ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ ʩ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʆʙʨʘʟʮʳ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʚʝʞʝʛʦ ʩʢʦʣʘ ʩʣʶʜʳ. ʇʦ ʜʘʥʥʳʤ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʡ ʧʠʣʣʘʨ[5]ʘʨʝʥ-I- ʠ 

ʧʠʣʣʘʨ[5]ʘʨʝʥ-Cl- ʫʧʘʢʦʚʳʚʘʶʪ ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ ʚ ʘʛʨʝʛʘʪʳ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 100 

ʥʤ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, ʈʠʩʫʥʦʢ 15. 

 

 

ʈʠʩʫʥʦʢ 15 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ pEGFP-N1 ʧʣʘʟʤʠʜʘ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ɸ), ʩʤʝʩʠ ʧʣʘʟʤʠʜʘ-ʧʠʣʣʘʨ[5]ʘʨʝʥ-I - (z+/z-=0.1) (B), ʧʣʘʟʤʠʜʘ-

ʧʠʣʣʘʨ[5]ʘʨʝʥ-I - (z+/z-=1) (C), ʧʣʘʟʤʠʜʘ-ʧʠʣʣʘʨ[5]ʘʨʝʥ-Cl- (z+/z-=0.1) (D), 

ʧʣʘʟʤʠʜʘ-ʧʠʣʣʘʨ[5]ʘʨʝʥ-Cl- (z+/z-=1) (E). ʂʦʥʮʝʥʪʨʘʮʠʷ ɼʅʂ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʩʦʩʪʘʚʣʷʣʘ 1 ʥʄ [57] 
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1.4.7. ɺʣʠʷʥʠʝ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʆʙʨʘʙʦʪʢʘ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʥʘʯʘʣʴʥʦ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʦʣʠʛʦʧʝʧʪʠʜʦʚ [38]. 

ʊʘʢ, ʘʚʪʦʨʳ [38] ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʳ ʘʥʠʣʠʥʘ, ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ 

ʠʟ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʘ ʜʠʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ. 

ʊʦʥʢʫʶ ʧʣʝʥʢʫ ʘʤʦʨʬʥʦʛʦ ʦʣʠʛʦʧʝʧʪʠʜʘ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʚʳʩʫʰʠʚʘʥʠʷ ʢʘʧʣʠ 

ʨʘʩʪʚʦʨʘ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ (ɻʌʀʇ), ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʬʝʥʠʣʘʣʘʥʠʥ, ʥʘ 

ʧʦʜʣʦʞʢʝ Si, ʈʠʩʫʥʦʢ 16. ʀʩʧʦʣʴʟʫʷ ʘʤʦʨʬʥʫʶ ʧʝʧʪʠʜʥʫʶ ʧʣʝʥʢʫ ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ, ʫʩʧʝʰʥʦ ʚʳʨʘʩʪʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦ ʭʦʨʦʰʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʧʝʧʪʠʜʥʳʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʧʫʪʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʨʝʥʠʷ (ʩʚʳʰʝ 100 ) ʚ 

ʧʘʨʘʭ ʘʥʠʣʠʥʘ. 

 

 

ʈʠʩʫʥʦʢ 16 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʭʝʤʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʦʩʪ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʧʨʦʚʦʣʦʢ ʠʟ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʘʤʦʨʬʥʦʛʦ ʧʝʧʪʠʜʘ ʧʫʪʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʪʘʨʝʥʠʷ ʚ ʧʘʨʘʭ ʘʥʠʣʠʥʘ [38] 
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ʉ ʧʦʤʦʱʴʶ ɸʉʄ ʘʚʪʦʨʘʤʠ [10] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʪʨʠʧʝʧʪʠʜʘ L-ʣʝʡʮʠʣ-L-

ʣʝʡʮʠʣ-L-ʣʝʡʮʠʥ (LeuLeuLeu), ʥʘʥʝʩʝʥʥʫʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɺʆʇɻ. ɹʳʣʘ ʥʘʡʜʝʥʘ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʤʦʨʬʦʣʦʛʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ LeuLeuLeu ʪʨʠʧʝʧʪʠʜʘ 

ʦʪ ʧʨʠʨʦʜʳ ʧʘʨʦʚ, ʈʠʩʫʥʦʢ 17. 

ʅʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ LeuLeuLeu ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʥʠʪʨʦʤʝʪʘʥʘ (ʈʠʩʫʥʦʢ 17 

ʉ, D), ʤʝʪʘʥʦʣʘ ʠ ʪʦʣʫʦʣʘ. 

 

 

ʈʠʩʫʥʦʢ 17 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʠ (A), (C) ʠ (E) ʩ 

ʢʨʠʩʪʘʣʣʘʤʠ ʪʨʠʧʝʧʠʜʘ LeuLeuLeu, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ, ʠ ʧʣʝʥʢʠ LeuLeuLeu 

ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 92 ʤʠʥ (B), ʧʘʨʘʤʠ ʥʠʪʨʦʤʝʪʘʥʘ ʚ 

ʪʝʯʝʥʠʝ 17 ʤʠʥ (D) ʠ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ ʚ ʪʝʯʝʥʠʝ 110 ʤʠʥ (F) [10] 

 

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʘʛʣʦʤʝʨʘʪʦʚ, ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʠʭ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʘʭ. ʅʘʩʳʱʝʥʠʝ LeuLeuLeu 
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ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ. ʆʥʠ 

ʩʪʘʥʦʚʷʪʩʷ ʨʳʭʣʳʤʠ ʠ ʙʝʩʬʦʨʤʝʥʥʳʤʠ (ʈʠʩʫʥʦʢ 17 E, F). 

 

1.5. ʉʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ  

ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʤʦʨʬʦʣʦʛʠʝʡ. ʅʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʨʠʩʪʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʮʝʦʣʠʪʦʧʦʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʦʚʳʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ [58], ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [59]. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʈʠʩʫʥʦʢ 18. 

 

 

ʈʠʩʫʥʦʢ 18 ï ʇʨʠʤʝʥʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ [60] 
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ʊʘʢ, ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʠʧʝʧʪʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʜʠʩʧʣʝʝʚ ʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʩʘʤʦʦʯʠʱʝʥʠʶ, ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ, ʢʘʨʢʘʩʦʚ ʜʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨ, ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ, 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [60]. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʘʢ ʭʦʨʦʰʘʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ 

ʧʨʦʩʪʦʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ/ʩʠʥʪʝʟʘ, ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ [61]. ʆʩʦʙʝʥʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʩʘʤʦʩʦʙʠʨʘʶʱʠʭʩʷ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʧʨʦʷʚʣʷʪʴ 

ʨʝʘʢʮʠʶ ʥʘ ʩʪʠʤʫʣʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚʥʫʪʨʝʥʥʠʝ/ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʭʚʘʪʳʚʘʶʱʝʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʜʣʷ 

ʤʥʦʞʝʩʪʚʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʚ ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ 

[61]. 

ʅʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʥʦʧʨʦʚʦʜʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [62], ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ ʛʣʘʜʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʧʨʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦ(PhePhe), ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠ 

ʬʦʪʦʣʶʤʠʥʠʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʣʶʤʠʥʝʩʮʝʥʮʠʠʷ ʧʨʠ 465 ʥʤ). ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʪʘʙʠʣʴʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʛʠʜʨʦʛʝʣʠ ʠ ʛʠʜʨʦʛʝʣʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʧʨʠ ʩʦʟʜʘʥʠʠ 3D ʛʠʜʨʦʛʝʣʝʚʳʭ ʢʘʨʢʘʩʦʚ ʜʣʷ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ, ʈʠʩʫʥʦʢ19 [63]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʥʦʪʨʫʙʢʠ ʥʘ ʦʩʥʦʚʝ ʜʠʧʝʧʪʠʜʘ 

ʜʠʬʝʥʠʣʘʣʘʥʠʥ ʦʙʣʘʜʘʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʈʠʩʫʥʦʢ 20 [64]. 



35 

 

ʈʠʩʫʥʦʢ 19 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʠ 

ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [63] 

 

ʕʪʦʪ ʜʠʧʝʧʪʠʜ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʦʛʨʦʤʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʜʠʧʝʧʪʠʜʦʚ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʬʠʢʩʠʨʦʚʘʥ ʜʘʥʥʳʡ ʵʬʬʝʢʪ. ʅʘ ʦʩʥʦʚʝ ʦʜʠʥʦʯʥʦʡ ʧʝʧʪʠʜʥʦʡ 

ʪʨʫʙʢʠ PhePhe ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʝʨʚʳʡ ʧʨʦʪʦʪʠʧ ʧʴʝʟʦʨʝʟʦʥʘʪʦʨʘ [64]. 

 

 

ʈʠʩʫʥʦʢ 20 ï ʉʄʇʆ-ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʪʨʫʙʦʢ PhePhe, ʚʳʨʘʱʝʥʥʳʭ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ 

ʢʘʧʝʣʴ: (ʘ) ʪʦʧʦʛʨʘʬʠʷ, (ʙ) ʣʘʪʝʨʘʣʴʥʳʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ [64] 

 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʶʘʪʦʨʦʚ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [64].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ, ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ 

ʥʘʥʦʠʥʞʝʥʝʨʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʭʦʜʦʚ ʢ ʧʨʝʜʩʢʘʟʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʩʘʤʦʩʙʦʨʢʦʡ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. 
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ʊʘʢʞʝ, ʥʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʜʘʥʥʳʭ ʧʦ ʤʝʭʘʥʠʟʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʩʚʦʡʩʪʚ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

2.1. ʄʘʪʝʨʠʘʣʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ 

(GlyGly) (Chem-Impex International, #00165, ʯʠʩʪʦʪʘ 98.0 ï 100 % (ʘʥʘʣʠʟ 

ʪʠʪʨʦʚʘʥʠʝʤ), CAS No: 556-50-3) ʠ ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-ʛʣʠʮʠʥ (GlyGlyGly) (Chem-

Impex International, #04555, ʯʠʩʪʦʪʘ Ó99% HPLC, CAS No: 556-33-2), L-

ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ (PheLeu) (Bachem Lot#: 4000130), L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ 

(LeuPhe) (Bachem Lot#: 4000185), ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʤʘʨʢʠ çʜʣʷ ɻʍè ʩ 

ʯʠʩʪʦʪʦʡ Ó99.9%. ʆʣʠʛʦʧʝʧʪʠʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʠʝ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʚʝʨʭʥʦʩʪʠ: ʛʠʜʨʦʬʦʙʥʳʡ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ (ɺʆʇɻ) ʠ ʛʠʜʨʦʬʠʣʴʥʘʷ ʩʣʶʜʘ. ʊʘʢʞʝ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʚʦʠʤ 

ʩʚʦʡʩʪʚʘʤ: ʛʠʜʨʦʬʦʙʥʳʝ ʠ ʛʠʜʨʦʬʠʣʴʥʳʝ. ɻʠʜʨʦʬʠʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʷ 

ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʦʜʣʦʞʢʠ ʚ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (2:3). ɻʠʜʨʦʬʦʙʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʘʣʠ 

ʧʘʩʩʠʚʘʮʠʝʡ ʦʯʠʱʝʥʥʦʡ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʚ ʨʘʩʪʚʦʨʝ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʥʢʠ ʢʨʝʤʥʠʷ ʧʨʦʤʳʚʘʣʠʩʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʦʩʫʰʘʣʠʩʴ ʚ ʧʦʪʦʢʝ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ. 

 

2.1.1. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʩʪʚʦʨ rʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʛ/ʤʣ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʦʡ ʥʘʚʝʩʢʠ 

ʦʣʠʛʦʧʝʧʪʠʜʘ ʚ ʩʤʝʩʠ ʤʝʪʘʥʦʣ-ʚʦʜʘ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1). ɸʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʜʠ- ʠ 

ʪʨʠʛʣʠʮʠʥʘ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ 40 ʤʢʣ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ɺʆʇɻ ʠ/ʠʣʠ ʩʣʶʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ 4 ʧʦʨʮʠʡ ʧʦ 10 ʤʢʣ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʠ- ʠʣʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʦʩʫʰʢʦʡ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ (45Áʉ).  

 

2.1.2. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ ʠ L-

ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ. 

ʈʘʩʪʚʦʨʳ ʜʠʧʝʧʪʠʜʦʚ PheLeu ʠ LeuPhe ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʛ/ʤʣ ʠ 0.4 ʤʛ/ʤʣ 

ʛʦʪʦʚʠʣʠʩʴ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʦʡ ʥʘʚʝʩʢʠ ʜʠʧʝʧʪʠʜʘ ʚ ʤʝʪʘʥʦʣʝ (CH3OH) ʠ ʚ 

ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʝ (HFIP) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʣʝʥʢʠ PheLeu ʠ LeuPhe ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ 10 ʤʢʣ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʣʠʛʦʧʝʧʪʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʝʚʳʭ 

ʧʦʜʣʦʞʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʫʰʢʘ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʜʣʦʞʢʝ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʤʝʪʦʜ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʫʰʢʠ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʫʰʢʝ ʨʘʩʪʚʦʨʘ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ PheLeu ʠ LeuPhe 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʨʮʠʷ ʨʘʩʪʚʦʨʘ 

ʥʘʥʦʩʠʣʘʩʴ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 3000 

ʦʙ/ʤʠʥ. 

 

2.1.3. ʄʝʪʦʜʠʢʘ ʥʘʩʳʱʝʥʠʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʧʘʨʘ͕ʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʥʘʩʳʱʝʥʠʷ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ GlyGly ʠ GlyGlyGly ʧʘʨʘӢʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʣʦʞʢʫ ʩ ʥʘʥʝʩʝʥʥʦʡ ʧʣʝʥʢʦʡ ʧʦʤʝʱʘʣʠ ʚ ʯʘʰʢʫ 

ʇʝʪʨʠ, ʩʦʜʝʨʞʘʱʫʶ 200 ʤʢʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʏʘʰʢʫ ʇʝʪʨʠ 

ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʣʝʥʢʠ ʦʩʫʰʘʣʠʩʴ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 45Áʉ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 
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ɼʣʷ ʥʘʩʳʱʝʥʠʷ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ GlyGly ʠʣʠ GlyGlyGly ʧʘʨʘʤʠ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ:  

ï ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʝ (ʩʣʘʙʳʝ ʧʨʦʪʦʥʦʜʦʥʦʨʳ): ʭʣʦʨʦʬʦʨʤ, ʜʠʭʣʦʨʤʝʪʘʥ; 

ï ʘʟʦʪʩʦʜʝʨʞʘʠɦʝ (ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʳ): ʘʮʝʪʦʥʠʪʨʠʣ, ʧʠʨʠʜʠʥ; 

ï ʩʧʠʨʪʳ (ʧʨʦʪʦʥʦʜʦʥʦʨʳ): ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ 

ï ʘʨʦʤʘʪʠʯʝʩʢʠʝ (ʩʣʘʙʳʡ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨ): ʙʝʥʟʦʣ. 

 

2.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

2.2.1. ʇʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʜʦ ʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ 

ʧʘʨʘӢʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʀʟʦʙʨʘʞʝʥʠʷ ɸʉʄ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Solver P47 Pro (ʅʊ-ʄɼʊ, ʈʦʩʩʠʷ). 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, 

ʧʣʝʥʢʠ ʥʘʩʳʱʘʣʠʩʴ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʚʦʜʳ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʩʫʰʢʦʡ ʚ ʪʦʢʝ ʪʝʧʣʦʛʦ (45Üʉ) ʚʦʟʜʫʭʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʝʥʦʢ ʩʥʦʚʘ ʧʦʣʫʯʘʣʠ ʠʭ 

ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 

114 ʜʦ 259 ʢɻʮ ʠ ʨʘʟʨʝʰʝʥʠʝʤ 512 ʪʦʯʝʢ ʥʘ ʣʠʥʠʶ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ 

ʢʨʝʤʥʠʝʚʳʝ ʢʘʥʪʠʣʝʚʝʨʳ NSG-11 (ʅʊ-ʄɼʊ, ʈʦʩʩʠʷ). ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʩʢʦʧʦʤ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Nova (NT-MDT, ʈʦʩʩʠʷ). 

ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ɸʉʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʤʧʝʨʘʪʫʨʫ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʚʥʝʰʥʠʤ ʪʝʨʤʦʤʝʪʨʦʤ. ʇʝʨʝʜ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʤʠʢʨʦʩʢʦʧ 

ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʶ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 1 ʯ. ʀʟʦʙʨʘʞʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Image Analysis (NT-MDT, 

ʈʦʩʩʠʷ). ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ 1D ʠ/ʠʣʠ 2D ʢʦʨʨʝʢʮʠʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 5% ʧʦ 

ʣʘʪʝʨʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʠ ʤʝʥʝʝ 1 ʥʤ ʧʦ ʚʳʩʦʪʝ. 
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ʀʟʤʝʨʝʥʠʷ ʥʘʯʠʥʘʣʠʩʴ ʯʝʨʝʟ 15ï20 ʤʠʥ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʦʚ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʟʮʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 3 ʯʘʩʦʚ. 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ Rq (ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʧʣʝʥʦʢ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [65]. 

2.2.2. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɸʉʉ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʢʨʝʤʥʠʷ ʤʝʪʦʜʦʤ ɸʉʉ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʩʢʦʧ Solver P47 (ʅʊ-ʄɼʊ, ʈʦʩʩʠʷ). ʇʨʠʤʝʥʷʣʠʩʴ ʢʨʝʤʥʠʝʚʳʝ 

ʢʘʥʪʠʣʝʚʝʨʳ CSG-11 ʩ ʢʦʥʩʪʘʥʪʦʡ ʞʝʩʪʢʦʩʪʠ 0.03 ʅ/ʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʶʩʪʠʨʦʚʢʦʡ ʠ ʥʝʪʦʯʥʦʩʪʴʶ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʫʧʨʫʛʦʩʪʠ 

ʢʘʥʪʠʣʝʚʝʨʘ, ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʟʦʥʜʦʤ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ɸʉʉ 

ʉ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠʟʫʯʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ 

ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦ ʩʠʣʝ ʘʜʛʝʟʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʠʣʦʚʳʝ ʢʨʠʚʳʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʠʟʛʠʙʘ ʢʘʥʪʝʣʠʚʝʨʘ ȹL (ʩʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ) ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʧʴʝʟʦʩʢʘʥʝʨʘ 

(ʢʦʦʨʜʠʥʘʪʘ Z) ʧʨʠ ʧʦʜʚʦʜʝ ʠʣʠ ʦʪʚʦʜʝ ʟʦʥʜʘ ʢ ʦʙʨʘʟʮʫ ʠʣʠ ʥʘʦʙʦʨʦʪ [66]. 

ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʨʝʞʠʤʝ ʩʠʣʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʠʣʦʚʳʝ ʢʨʠʚʳʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ 

ʩʠʣ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʩʪʨʠʷ ʠʛʣʳ ʤʠʢʨʦʟʦʥʜʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ 

ʧʦ ʫʨʘʚʥʝʥʠʶ: 

Ὂ Ὧ „z, (1) 

ʛʜʝ Ὧ - ʢʦʥʩʪʘʥʪʘ ʫʧʨʫʛʦʩʪʠ ʢʘʥʪʠʣʝʚʝʨʘ, „ ï ʦʪʢʣʦʥʝʥʠʝ ʢʘʥʪʠʣʝʚʝʨʘ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʝ ʧʦ ʫʨʘʚʥʝʥʠʶ 

„  ῳὒz , (2) 

ʛʜʝ ȹL ï ʚʝʣʠʯʠʥʘ ʠʟʛʠʙʘ ʙʘʣʢʠ ʢʘʥʪʝʣʠʚʝʨʘ ʧʨʠ ʦʪʨʳʚʝ, Ŭ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʠʣʦʚʦʡ 

ʢʨʠʚʦʡ ʦʪʚʦʜʘ ɸʉʉ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʞʝʩʪʢʦʩʪʴ ʦʙʨʘʟʮʘ. 
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ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʶʩʪʠʨʦʚʢʦʡ ʠ ʥʝʪʦʯʥʦʩʪʴʶ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʫʧʨʫʛʦʩʪʠ ʢʘʥʪʠʣʝʚʝʨʘ, ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʟʦʥʜʦʤ, ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʶʩʪʠʨʦʚʢʝ. 

 

2.2.3. ʉʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ (ʉʄʇʆ) 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ LeuPhe ʠ PheLeu 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ (ʉʄʇʆ) 

ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ TITANIUM NT-MDT (ɿʝʣʝʥʦʛʨʘʜ, ʈʦʩʩʠʷ) ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʜʘʯʝʡ ʥʘ ʠʛʣʫ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (150 ʢɻʮ, 0.3 ɺ). 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʚʦʜʷʱʠʝ ʟʦʥʜʳ NSG-01 Au (ʅʊ-ʄɼʊ, ʈʦʩʩʠʷ), ʠʤʝʶʱʠʝ 

ʩʠʣʦʚʫʶ ʧʦʩʪʦʷʥʥʫʶ 1.45ï15.1 ʅ/ʤ ʠ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 87ï230 ʢɻʮ. ʇʨʠ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʨʝʞʠʤʝ ʉʄʇʆ ʥʘ ʟʦʥʜ ʧʦʜʘʚʘʣʦʩʴ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʘʤʧʣʠʪʫʜʦʡ 1ï3 ɺ ʠ ʯʘʩʪʦʪʦʡ 150 ʢɻʮ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʢʦʥʪʘʢʪʥʦʡ ʤʦʜʳ, ʪʦ ʝʩʪʴ ʢʘʥʪʠʣʝʚʝʨ 

ʥʘʭʦʜʠʣʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʠʛʨʘʣ ʨʦʣʴ çʧʦʜʚʠʞʥʦʛʦè ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʣʦʢʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʠʛʥʘʣʘ ʉʄʇʆ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Image Analysis (NT-MDT, ʈʦʩʩʠʷ). 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʉʄʇʆ 

ʆʜʥʦ ʠʟ ʚʘʞʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [67]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʷʱʠʡ ɸʉʄ ʟʦʥʜ ʧʦʜʚʦʜʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʣʠ 

ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʥʝʝ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ ʩʠʣʫ, ʪʦʢ, ʝʤʢʦʩʪʴ ʠʣʠ ʩʤʝʱʝʥʠʝ ʦʙʨʘʟʮʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [67]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ 

ʉʄʇʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ 
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ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ 

ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʧʦʜ ʟʦʥʜʦʤ [68-72]. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʉʄʇʆ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ ʣʦʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ [72]. 

ɼʦ ʧʦʷʚʣʝʥʠʷ ʉʄʇʆ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʭʦʜʠʣʦʩʴ ʧʨʦʚʦʜʠʪʴ ʩʣʦʞʥʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ, 

ʚʢʣʶʯʘʚʰʫʶ ʪʨʘʚʣʝʥʠʝ ʠ ʜʝʢʦʨʠʨʦʚʘʥʠʝ [67]. ɼʣʷ ʉʄʇʆ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠ 

ʧʨʦʮʝʜʫʨʳ ʥʝ ʥʫʞʥʳ. 

 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʞʠʤʝ ʉʄʇʆ. 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʦʙʨʘʟʮʘ, ʜʝʪʝʢʪʠʨʫʝʤʦʡ ʧʦ 

ʦʪʢʣʦʥʝʥʠʶ ʟʦʥʜʘ ɸʉʄ, ʦʪ ʜʘʥʥʳʭ ʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʠʟʤʝʨʝʥʠʷ 

ʧʴʝʟʦʦʪʢʣʠʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʯʘʩʪʦʪʦʡ ɤ [73, 74]. ʊʦ ʝʩʪʴ, ʧʨʦʚʦʜʷʱʠʡ ʟʦʥʜ ɸʉʄ 

ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʦʙʨʘʟʮʦʤ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ɤ, ʨʠʩ. 21, ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʟʦʥʜʘ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʧʦ ʢʦʪʦʨʦʡ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʝʣʴʝʬ, ʠ ʧʝʨʝʤʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘ ʯʘʩʪʦʪʝ ɤ, ʢʦʪʦʨʘʷ 

ʦʪʚʝʯʘʝʪ ʟʘ ʧʴʝʟʦʦʪʢʣʠʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ 

ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʚʝʣʠʯʠʥʝ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ʦʪʢʣʦʥʝʥʠʷ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʦʪʢʣʦʥʝʥʠʷ ʟʦʥʜʘ ʩʠʛʥʘʣ ʩ ʯʝʪʳʨʝʭʩʝʢʮʠʦʥʥʦʛʦ ʬʦʪʦʜʠʦʜʘ ʧʦʜʘʝʪʩʷ ʥʘ 

ʩʠʥʭʨʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ [74]. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʣʦʢʘʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʠʣʠ ʩʞʠʤʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ ɸʉʄ ʧʦʣʷ. 
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ʈʠʩʫʥʦʢ 21 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʧʦ ʤʝʪʦʜʠʢʠ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʴʝʟʦʦʪʢʣʠʢʘ [75] 

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʢʣʦʥʝʥʠʶ ʟʦʥʜʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʚ 

ʚʝʣʠʯʠʥʫ ʧʴʝʟʦʦʪʢʣʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʉʠʥʭʨʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. ɺʳʜʝʣʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʩʠʥʭʨʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʪʦʜʫ ʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʛʥʘʣ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʦʙʨʘʟʮʦʤ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʣʝʞʠʪ ʧʨʦʩʪʦʝ ʧʝʨʝʤʥʦʞʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ɽʩʣʠ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ: 

Ὗ ὃ ίὭὲ‫ ὸ • , (3) [74] 

ʘ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

Ὗ ὃ ίὭὲ‫ ὸ • , (4) [74] 

ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ: 

Ὗ Ὗ Ὗ ὃ ὃ ίὭὲ‫ ὸ • ίὭὲ‫ ὸ •  

ὃ ὃ ÃÏÓ‫  ‫ ὸ  •  • ÃÏÓ‫  ‫ ὸ  •

 • , (5) [74] 

(ʛʜʝ: ίὭὲὼẗίὭὲώ ὧέίὼ ώ ÃÏÓὼ ώ). 
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ʊʦ ʝʩʪʴ, ʥʘ ʚʳʭʦʜʝ ʠʤʝʶʪʩʷ ʜʚʘ ʩʠʛʥʘʣʘ - ʥʘ ʩʫʤʤʘʨʥʦʡ ‫  ‫  ʠ ʨʘʟʥʦʩʪʥʳʭ 

‫  ‫  ʯʘʩʪʦʪʘʭ. ɽʩʣʠ ʯʘʩʪʦʪʳ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʠʛʥʘʣ ʥʘ ʜʚʦʡʥʦʡ 

ʯʘʩʪʦʪʝ ʠ ʩʠʛʥʘʣ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ: 

Ὗ ὃ ὃ ÃÏÓ• • , (6) [74] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʛʥʘʣʘ ʥʘ ʫʜʚʦʝʥʥʦʡ 

ʯʘʩʪʦʪʝ, ʪʦ ʦʩʪʘʥʝʪʩʷ ʩʠʛʥʘʣ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (4), 

ʘʤʧʣʠʪʫʜʘ ʚʳʙʨʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʤʧʣʠʪʫʜʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʢʦʩʠʥʫʩʫ ʩʤʝʱʝʥʠʷ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʬʘʟʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʘʚʘʝʤʦʛʦ ʦʧʦʨʥʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [74]. 

ʇʦʣʫʯʝʥʥʘʷ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚʝʣʠʯʠʥʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʥʘʯʝʥʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʘ ʬʘʟʘ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʜʦʤʝʥʦʚ. ʊʘʢ, ʜʣʷ ʜʦʤʝʥʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʥʠʟ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʧʨʠʣʦʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (ʧʣʶʩ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʧʨʠ ʵʪʦʤ ʧʦʜʘʝʪʩʷ ʥʘ ʟʦʥʜ) ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ 

ʧʦʜ ʟʦʥʜʦʤ, ʢʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʪ ʚ ʬʘʟʝ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ 

ʬʘʟʘ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ű ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ. ɼʣʷ ʜʦʤʝʥʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʢʦʣʝʙʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʬʘʟʝ ʢ ʧʨʠʣʦʞʝʥʥʦʤʫ 

ʥʘʧʨʷʞʝʥʠʶ, ʠ ʨʘʟʥʦʩʪʴ ʬʘʟ ű ʙʫʜʝʪ ʨʘʚʥʘ 180Á, ʈʠʩʫʥʦʢ 22. 

 

 

ʈʠʩʫʥʦʢ 22 ï ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ [75] 
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ɼʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʳʝ, ʪʘʢ ʠ ʙʦʢʦʚʳʝ 

ʩʤʝʱʝʥʠʷ. 

 

2.2.4. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) 

ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʵʤʠʩʩʠʦʥʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Merlin (Carl Zeiss, ɻʝʨʤʘʥʠʷ) ʧʨʠ 

5 ʢɺ ʠ 300 ʧɸ ʩ ʮʝʣʴʶ ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʘ. ʅʘ ʚʩʝ ʦʙʨʘʟʮʳ 

ʥʘʥʦʩʠʣʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʠʟ ʩʧʣʘʚʘ 80/20 Au/Pd ʚ ʢʘʤʝʨʝ ʚʘʢʫʫʤ-ʘʧʧʘʨʘʪʘ 

Quorum Q 150T ES. ʊʦʣʱʠʥʘ ʩʣʦʷ 15 ʥʤ. 

 

2.2.5. ɸʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ) 

ɼʣʷ ʨʘʩʪʚʦʨʘ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ ʚ ʚʦʜʝ (4 ʤʛ ʥʘ 300 ʤʢʣ) ʦʧʨʝʜʝʣʷʣʠ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʥʘ Zetasizer Nano ZS (Malvern Instruments) ʧʨʠ 25Áʉ. ʇʨʠʙʦʨ 

ʩʦʜʝʨʞʠʪ ʛʝʣʠʡ-ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ ʤʦʱʥʦʩʪʴʶ 4 ʤɺʪ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

633 ʥʤ, ʠ ʥʝʠʥʚʘʟʠʚʥʫʶ ʦʧʪʠʢʫ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʫʩʨʝʜʥʷʣʠʩʴ. ʇʝʨʝʜ 

ʠʟʤʝʨʝʥʠʝʤ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0.45 ʤʢʤ. 

 

2.2.6. ɕ-ʧʦʪʝʥʮʠʘʣ 

ɕ-ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ Zetasizer Nano ZS (Malvern Instruments). 

ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ɼʈʉ, ʠ ʧʝʨʝʥʦʩʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʰʧʨʠʮʘ ʚ ʦʜʥʦʨʘʟʦʚʫʶ ʩʢʣʘʜʯʘʪʫʶ ʢʘʧʠʣʣʷʨʥʫʶ ʷʯʝʡʢʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. ɕ-

ʧʦʪʝʥʮʠʘʣʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Malvern M3-PALS, ʘ 

ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʠʟʤʝʨʝʥʠʡ. 

 

2.2.7. ʄʝʪʦʜ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ 

ʉʫʰʠʣʢʘ Nano Spray B90 (Buchi, ʐʚʝʡʮʘʨʠʷ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʦʪʢʨʳʪʦʤ 

ʨʝʞʠʤʝ ʩ ʨʘʩʧʳʣʠʪʝʣʴʥʳʤʠ ʛʦʣʦʚʢʘʤʠ ʨʘʟʤʝʨʦʤ 7.0 ʤʢʤ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 7 

ʤʣ ʤʠʥ-1, ʧʦʪʦʢʝ ʩʫʰʠʣʴʥʦʛʦ ʚʦʟʜʫʭʘ 130 ʣ ʤʠʥ-1 ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʭʦʜʝ 95ÁC. ɼʣʷ 
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ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ GlyGly ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʛ/ʤʣ ʚ ʩʤʝʩʠ ʤʝʪʘʥʦʣ/ʚʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

 

2.2.8. ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (ʇʈɼ) 

ʇʈɼ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

MiniFlex 600 (Rigaku) ʩ ʜʝʪʝʢʪʦʨʦʤ D/teX Ultra. ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

CuKŬ-ʠʟʣʫʯʝʥʠʝ (ʜʣʠʥʘ ʚʦʣʥʳ 0.15418 ʥʤ) ʠ ʩʦʙʠʨʘʣʠ ʜʘʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 2ɗ ʦʪ 5 ʜʦ 50 ʩ ʰʘʛʦʤ 0.02 ʠ ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ 0.24 ʩʝʢ ʙʝʟ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʩʦʩʪʘʚʣʷʣʠ 

40 ʢɺ ʠ 15 ʤɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. Kɓ-ʠʟʣʫʯʝʥʠʝ ʫʩʪʨʘʥʷʣʠ ʩ ʧʦʤʦʱʴʶ Ni-ʬʠʣʴʪʨʘ. 

 

2.2.9. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) 

ʉʧʝʢʪʨʳ ʂʈʉ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩ ɹʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ɼʌʉ-52 (ʈʦʩʩʠʷ) ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʬʦʪʦʥʦʚ ʩ ʰʘʛʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 4 ʩʤ-1. ɺʨʝʤʷ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʪʦʯʢʝ ʩʦʩʪʘʚʣʷʣʦ 20 ʩ. ɺʦʟʙʫʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʚʝʨʜʦʪʝʣʴʥʳʤ 

ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ 150 ʤɺʪ. ʉʧʝʢʪʨʳ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʠ ʢʨʠʩʪʘʣʣʦʚ GlyGly ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʛʝʦʤʝʪʨʠʠ ʥʘ 

ʦʪʨʘʞʝʥʠʝ. ʉʧʝʢʪʨ ʂʈʉ ʜʣʷ ʨʘʩʪʚʦʨʘ GlyGly ʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ (90Á) ʛʝʦʤʝʪʨʠʠ. 

 

2.2.10. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟʫʯʘʝʤʳʭ ʤʦʣʝʢʫʣ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ORCA [76] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ ʛʨʘʜʠʝʥʪʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ BP [77, 78] ʠ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ SVP [79]. ʈʘʩʯʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʤʥʠʤʦʡ ʯʘʩʪʦʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʪʦʛʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʘʷ ʦʧʪʠʤʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ (ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ).  
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ɻʃɸɺɸ 3. ʉɸʄʆʆʈɻɸʅʀɿɸʎʀʗ ʆʃʀɻʆʇɽʇʊʀɼʆɺ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ɸʉʄ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʭ ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ, ʧʘʨʦʚ ʚʦʜʳ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

3.1. ɺʣʠʷʥʠʝ ʧʦʜʣʦʞʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ɺ ʛʣʘʚʝ 1 ʦʧʠʩʘʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʦʜʣʦʞʢʘ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʪʩʷ 

ʘʤʦʨʬʥʘʷ ʧʣʝʥʢʘ ʦʣʠʛʦʧʝʧʪʠʜʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʜʣʦʞʢʠ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ GlyGly ʠ GlyGlyGly ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɸʉʄ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ: ɺʆʇɻ, ʩʣʶʜʘ, 

ʛʠʜʨʦʬʠʣʴʥʳʡ ʠ ʛʠʜʨʦʬʦʙʥʳʡ ʢʨʝʤʥʠʡ, ʈʠʩʫʥʦʢ 23. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʥʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʝʢ, ʪʘʢʠʭ ʢʘʢ ɺʆʇɻ ʠ ʩʣʶʜʘ, ʧʦʩʣʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʚʳʩʳʭʘʥʠʷ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʨʫʶʪʩʷ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ GlyGly, ʈʠʩʫʥʦʢ 23ʘ, ʙ, ʠ 

GlyGlyGly, ʈʠʩʫʥʦʢ 23ʚ, ʛ, ʩ ʪʦʣʱʠʥʦʡ ~100 ʥʤ [ɸ1, ɸ2]. 

ɺ ʩʣʫʯʘʝ ʜʠʧʝʧʪʠʜʘ, ʈʠʩʫʥʦʢ 23ʘ, ʙ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

(Rq) ʩʢʘʥ 10Ĭ10 ʤʢʤ2 ʩʦʩʪʘʚʣʷʝʪ 1.2 Ñ 0.1 ʥʤ (ɺʆʇɻ) ʠ 4.0 Ñ 0.2 ʥʤ (ʩʣʶʜʘ) ʜʣʷ 

ʩʢʘʥʘ 7Ĭ7 ʤʢʤ2. ʂʨʫʛʣʳʝ ʦʙʲʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ɺʆʇɻ ʠ ʩʣʶʜʫ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ [ɸ1]. 

ɺ ʩʣʫʯʘʝ GlyGlyGly ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʘ ʩʢʘʥʝ 10Ĭ10 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ ~5.8 Ñ 0.1 ʥʤ, ʈʠʩʫʥʦʢ 23ʚ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʘ ʩʢʘʥʝ ʩʦʩʪʘʚʠʣʘ ~1.35 Ñ 

0.4 ʥʤ, ʈʠʩʫʥʦʢ 23ʛ [ɸ2]. 
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ʈʠʩʫʥʦʢ 23 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ (ʘ, ʙ) GlyGly ʠ (ʚ, ʛ) GlyGlyGly, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ (ʘ, ʚ) ɺʆʇɻ ʠ (ʙ, ʛ) ʩʣʶʜʫ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʩʤʝʩʠ ʚʦʜʘ/ʤʝʪʘʥʦʣ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʛ/ʤʣ [ɸ1, ɸ2] 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʧʨʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʘ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ. ʅʘʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʘ GlyGly ʥʘ ʧʦʜʣʦʞʢʫ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʝʣʢʠʭ ʧʨʦʜʦʣʛʦʚʘʪʳʭ ʦʙʲʝʢʪʦʚ ʩ ʟʘʫʞʝʥʥʳʤ ʢʦʥʮʦʤ (ʢʘʢ ʫ ʜʣʠʥʥʦʟʝʨʥʦʛʦ ʨʠʩʘ) 

ʜʣʠʥʦʡ 200ï600 ʥʤ ʠ ʰʠʨʠʥʦʡ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 100ï200 ʥʤ, ʈʠʩʫʥʦʢ 24 ʘ [ɸ1]. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʝʡ ʧʣʝʥʦʢ ʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʘʤʠ. ʇʨʦʩʪʘʷ ʦʙʨʘʙʦʪʢʘ 

ʪʘʢʠʭ ʧʣʝʥʦʢ ʧʘʨʘʤʠ ʚʦʜʳ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ [ɸ1, 80, 10]. ʇʦʵʪʦʤʫ, ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly 

ʠ GlyGlyGly ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ, ʈʠʩʫʥʦʢ 24ʙ. ɼʣʷ ʵʪʦʛʦ ʩʨʘʟʫ 

ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʜʣʦʞʢʫ ʝ yʦʙʜʫʚʘʣʠ ʪʝʧʣʳʤ ʚʦʟʜʫʭʦʤ (45Áʉ) 
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ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʢʠ (ʜʘʣʝʝ ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʩʫʰʢʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʘʤʦʨʬʥʘʷ ʧʣʝʥʢʘ GlyGly, ʈʠʩʫʥʦʢ 24ʙ, ʚ [ɸ1]. 

 

 

ʈʠʩʫʥʦʢ 24 ï (ʘ, ʙ) ɸʉʄ ʠ (ʚ) ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ ʧʦʩʣʝ 

(ʘ) ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʠ (ʙ, ʚ) ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʨʘʩʪʚʦʨʘ 

ʜʠʧʝʧʪʠʜʘ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ 

 

ɿʥʘʯʝʥʠʝ Rq ʜʣʷ ʩʢʘʥʘ 50Ĭ50 ʤʢʤ2 ʩʦʩʪʘʚʣʷʝʪ 7.6 Ñ 0.3 ʥʤ. ɺʳʧʫʢʣʳʝ 

ʦʙʲʝʢʪʳ, ʧʦʜʦʙʥʳʝ ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʧʣʝʥʢʘʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ɺʆʇɻ ʠ ʩʣʶʜʝ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʤʝʪʦʜʘʤʠ ɸʉʄ, ʈʠʩʫʥʦʢ 24ʙ, ʠ ʉʕʄ, ʈʠʩʫʥʦʢ 

24ʚ [ɸ1]. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚ GlyGly ʠ GlyGlyGly ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʠʮʠʥʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ 

ʧʦʨ ʘʤʦʨʬʥʘʷ ʧʣʝʥʢʘ ʥʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ [81]. 

ʅʘʙʣʶʜʘʝʤʦʝ ʚʣʠʷʥʠʝ ʧʦʜʣʦʞʢʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʍʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ 

ʜʠʧʝʧʪʠʜʘ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ, ʈʠʩʫʥʦʢ 25ʘ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʠ 

ʤʦʣʝʢʫʣʘʤʠ GlyGly ʠ GlyGlyGly, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʥʠʮʠʘʮʠʠ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʚʦ-ʧʝʨʚʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʭʦʨʦʰʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʤʝʨʥʦʡ 

ʧʣʝʥʢʠ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʚʦʙʦʜʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʤʦʣʝʢʫʣ GlyGly ʠ 

GlyGlyGly, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʝ, ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʈʠʩʫʥʦʢ 25ʙ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʶʜʳ ʦʙʨʘʟʫʝʪʩʷ ʘʤʦʨʬʥʘʷ ʧʣʝʥʢʘ [ɸ1, ɸ2]. 



50 

 

ʈʠʩʫʥʦʢ 25 ï ʉʭʝʤʘ ʚʦʟʤʦʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ GlyGly ʠ GlyGlyGly ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ [ɸ1] 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʳ ʜʠ- ʠ 

ʪʨʠʧʝʧʪʠʜʘ, ʈʠʩʫʥʦʢ 25ʚ. ɸ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ GlyGly ʠʣʠ 

GlyGlyGly (001) ʥʘʭʦʜʷʪʩʷ ʟʘʨʷʞʝʥʥʳʝ ʢʘʨʙʦ-ʘʥʠʦʥʥʘʷ (ïʉʆʆï) ʠ ʘʤʤʦʥʠʡʥʘʷ  

(ïNH3
+) ʛʨʫʧʧʳ, ʈʠʩʫʥʦʢ 26. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʨʝʤʥʠʷ ʤʦʛʫʪ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʳ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ïʉʆʆï ʠ ïNH3
+. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʝʥ ʨʦʩʪ ʧʣʦʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʊʘʢʦʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʝ 

ʚʣʠʷʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʢʨʠʩʪʘʣʣʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [80]. ʊʘʢʞʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʣʶʜʘ ʚʳʟʳʚʘʝʪ ʢʦʣʣʘʧʩ 

ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʘʥʩʘʤʙʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʦʮʝʧʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʪʦʛʜʘ ʢʘʢ 

ɺʆʇɻ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ ʬʦʨʤʫ [ɸ1, 81]. 



51 

 

ʈʠʩʫʥʦʢ 26 ï ɿʘʨʷʞʝʥʥʳʝ ʢʘʨʙʦ-ʘʥʠʦʥʥʘʷ (-COO-) ʠ ʘʤʤʦʥʠʡʥʘʷ (-NH3
+) 

ʛʨʫʧʧʳ ʚ ʧʣʦʩʢʦʩʪʠ (001) ʢʨʠʩʪʘʣʣʦʚ GlyGly ʠʣʠ GlyGlyGly 

 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʜʣʦʞʝʢ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʦʜʥʦʛʦ ʪʠʧʘ ʧʦʜʣʦʞʢʠ: ʢʨʝʤʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 1, ʙʳʣ ʧʦʣʫʯʝʥ ʢʨʝʤʥʠʷ ʩ 

ʛʠʜʨʦʬʠʣʴʥʦʡ ʠ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴ  ʁ[ɸ3].  

ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʩʪʝʧʝʥʴʶ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 27. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʚʳʩʳʭʘʥʠʠ ʨʘʩʪʚʦʨʦʚ GlyGly ʠ GlyGlyGly ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʤʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ [ɸ1]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ 

ʧʣʝʥʦʢ GlyGly ʠ GlyGlyGly ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʠ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʢʨʝʤʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʫʰʢʠ [ɸ1]. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʢʨʝʤʥʠʷ 

GlyGly ʦʙʨʘʟʫʝʪ ʙʦʣʝʝ ʛʣʘʜʢʫʶ ʧʣʝʥʢʫ, ʈʠʩʫʥʦʢ 27ʘ, ʯʝʤ GlyGlyGly, ʈʠʩʫʥʦʢ 27ʚ. 

ʈʘʟʙʨʦʩ ʧʦ ʚʳʩʦʪʝ ʚ ʩʣʫʯʘʝ ʜʠʧʝʧʪʠʜʘ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 

ʪʨʠʧʝʧʪʠʜʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ GlyGlyGly ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʧʘʜʠʥʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʩʣʝʜʩʪʚʠʠ ʢʦʣʣʘʧʩʘ ʧʫʟʳʨʴʢʦʚ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʛʣʫʙʠʥʦʡ ʜʦ 100 ʥʤ [ɸ3]. 



52 

 

ʈʠʩʫʥʦʢ 27 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ (ʘ, ʙ) GlyGly ʠ (ʚ, ʛ) GlyGlyGly ʥʘ (ʘ, ʚ) 

ʛʠʜʨʦʬʠʣʴʥʦʤ ʠ (ʙ, ʛ) ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ʧʦʩʣʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʫʰʢʠ [ɸ3] 

 

ɼʣʷ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʜʣʦʞʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ ï ʨʘʟʙʨʦʩ ʧʦ 

ʚʳʩʦʪʝ ʜʣʷ GlyGlyGly ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ GlyGly, ʨʠʩ 27ʙ, ʛ. ʅʘ ʦʙʝʠʭ ʧʣʸʥʢʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʚʧʘʜʠʥʳ [ɸ3]. 

ʊʘʢ ʢʘʢ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʘʢʪʘ 

ʨʘʩʪʚʦʨʦʤ ʠ ʧʣʝʥʦʢ ʩ ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪ ɹ ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʜʣʷ ʫʯʝʪʘ 

ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʚʦʜʳ. ɼʣʷ ʵʪʦʛʦ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ GlyGly ʠ GlyGlyGly, 

ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʨʝʤʥʠʷ, ʙʳʣʠ 

ʚʳʜʝʨʞʘʥʳ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢʪʫʨ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʈʠʩʫʥʦʢ 28. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʩʦʭʨʘʥʷʶʪʩʷ ʚʧʘʜʠʥʳ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʠʩʭʦʜʥʳʭ ʧʣʝʥʢʘʭ, ʈʠʩʫʥʦʢ 26. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʳ ʚʦʜʳ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʚʦʟʜʫʭʝ, ʥʝ ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ 

ʠʟʫʯʝʥʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʜʘʞʝ ʧʦ ʧʨʦʰʝʩʪʚʠʶ ʩʫʪʦʢ [ɸ3]. 



53 

 

ʈʠʩʫʥʦʢ 28 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ (ʘ, ʙ) GlyGly ʠ (ʚ, ʛ) GlyGlyGly ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʦʤ (ʘ, ʚ) ʠ (ʙ, ʛ) ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘ 

ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ [ɸ3] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-

ʛʣʠʮʠʥ ʠ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-ʛʣʠʮʠʥ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ɺʆʇɻ, ʩʣʶʜʳ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʥ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ: 

ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʠ ʛʠʜʨʦʬʦʙʥʦʛʦ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ 

ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ GlyGly ʠ GlyGlyGly ʥʘ ʠʟʫʯʝʥʥʳʭ ʧʦʜʣʦʞʢʘʭ: ɺʆʇɻ, 

ʩʣʶʜʘ, ʢʨʝʤʥʠʡ. 

 

3.2. ɺʣʠʷʥʠʝ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʚ 

ʪʦʥʢʦʡ ʧʣʝʥʢʝ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʥʳʝ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ GlyGly ʠ GlyGlyGly, ʥʘʥʝʩʝʥʥʳʝ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ, ʥʘʩʳʱʘʣʠ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʜʠʭʣʦʨʤʝʪʘʥ; 
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ʘʮʝʪʦʥʠʪʨʠʣ, ʧʠʨʠʜʠʥ; ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʙʝʥʟʦʣ, ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ P/P0 = 1 ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ.  

ʇʦʣʫʯʝʥʥʳʝ ɸʉʄ ʠ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 29ï37. 

 

 

ʈʠʩʫʥʦʢ 29 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ (ʘ), 

ʩʣʶʜʫ (ʙ) ʠ ʢʨʝʤʥʠʡ (ʚ) ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʤʝʪʘʥʦʣʘ P/P0 = 1, T = 25ÜC [ɸ1] 

 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʦʢ ʜʠʧʝʧʪʠʜʘ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ Ŭ-ʬʘʟʳ GlyGly [82], ʈʠʩʫʥʦʢ 29. ʈʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ (ʧʣʦʩʢʦʩʪʴ XY), ʪʘʢ ʠ 

ʧʦʜ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʬʦʨʤʠʨʫʶʪʩʷ ʮʚʝʪʢʦʦʙʨʘʟʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 1.5ï4 ʤʤ, ʈʠʩʫʥʦʢ 29ʘ. çʃʝʧʝʩʪʢʠ ʮʚʝʪʢʘè ʩʦʩʪʦʷʪ ʠʟ 

ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ 250ï1000 ʥʤ, ʰʠʨʠʥʦʡ 150ï400 ʥʤ ʠ ʪʦʣʱʠʥʦʡ 15ï140 ʥʤ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʦʙʨʘʟʫʝʪʩʷ ʧʣʝʥʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ 100ï600 

ʥʤ ʠ ʰʠʨʠʥʦʡ 90ï250 ʥʤ, ʈʠʩʫʥʦʢ 29ʙ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʚʳʩʦʪʦʡ 70ï200 ʥʤ ʠ ʰʠʨʠʥʦʡ 150ï400 ʥʤ ʚ ʚʝʨʭʥʝʡ ʛʨʘʥʠ, ʘ ʪʘʢʞʝ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʰʠʨʠʥʦʡ 1ï2.5 ʤʢʤ, ʈʠʩʫʥʦʢ 29ʚ [ɸ1]. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʘ ʧʣʝʥʢʘ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʉʕʄ, 

ʈʠʩʫʥʦʢ 30. ʉʫʜʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ 200ï5 ʤʢʤ ʠ ʰʠʨʠʥʦʡ 200ï1.5 ʤʢʤ 

[ɸ1]. ʂʨʠʩʪʘʣʣʳ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʜʫʛ ʠʣʠ ʦʢʨʫʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʠʜʥʳ ʠ ʥʘ 

ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʠ, ʈʠʩʫʥʦʢ 29ʚ. 
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ʈʠʩʫʥʦʢ 30 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʢʨʝʤʥʠʡ, 

ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʩ ʨʘʟʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʤʝʪʘʥʦʣʘ P/P0 = 1, T = 25ÜC [ɸ1] 

 

ʅʘʩʳʱʝʥʠʝ ʜʠʧʝʧʪʠʜʥʦʡ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ, ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʜʣʠʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ 150ï250 ʥʤ ʠ ʪʦʣʱʠʥʦʡ 

25ï40 ʥʤ, ʈʠʩʫʥʦʢ 31ʘ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʯʝʰʫʡʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ 350ï

600 ʥʤ, ʰʠʨʠʥʦʡ 200ï400 ʥʤ ʠ ʪʦʣʱʠʥʦʡ 5ï80 ʥʤ, ʦʙʨʘʟʫʶʱʠʝ ʤʦʟʘʠʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʈʠʩʫʥʦʢ 31ʙ [ɸ1]. ʅʘ ʧʣʝʥʢʝ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʣʶʜʫ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʰʠʨʦʢʠʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʪʦʣʱʠʥʦʡ 20ï60 ʥʤ ʠ ʰʠʨʠʥʦʡ ʚ ʰʠʨʦʢʦʡ ʯʘʩʪʠ 

0.5ï1.0 ʤʢʤ, ʈʠʩʫʥʦʢ 31ʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʨʠʩʪʘʣʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʩʠʩʪʝʤʳ çʜʠʧʝʧʪʠʜ-ʤʝʪʘʥʦʣè, ʈʠʩʫʥʦʢ 31ʙ [ɸ1]. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʪʠʧʦʚ. ʇʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʝʰʫʡʯʘʪʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʈʠʩʫʥʦʢ 31ʛ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 

ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ (ʧʦʣʦʩʪʠ) ʦʢʨʫʞʥʦʩʪʠ. ɺʙʣʠʟʠ 

ʮʝʥʪʨʘ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʰʠʨʠʥʫ 200ï550 ʥʤ ʠ ʜʣʠʥʫ 2 ʤʢʤ. ɺʪʦʨʦʡ ʪʠʧ 

ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʨʘʩʫ ʰʠʨʠʥʦʡ 1.5ï4 ʤʢʤ, ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʳʪʷʥʫʪʳʝ ʫʟʢʠʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ 0.4ï3 ʤʢʤ ʠ ʰʠʨʠʥʦʡ 100ï450 

ʥʤ, ʈʠʩʫʥʦʢ 31ʜ [ɸ1]. 
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ʈʠʩʫʥʦʢ 31 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ (ʘ, ʙ), 

ʩʣʶʜʫ (ʚ) ʠ ʢʨʝʤʥʠʡ (ʛ, ʜ) ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʵʪʘʥʦʣʘ P/P0 = 1, T = 25ÜC [ɸ1] 

 

ɼʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ GlyGly, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ, 

ʪʘʢʞʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʉʕʄ, ʈʠʩʫʥʦʢ 32. ʆʙʥʘʨʫʞʝʥʳ 

ʩʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʭʦʞʠʝ ʥʘ ʜʚʦʡʥʦʡ ʚʝʝʨ, ʈʠʩʫʥʦʢ 32ʘ. ʉʢʣʘʜʢʠ 

ʦʙʨʘʟʦʚʘʥʳ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʫʜʣʠʥʝʥʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʜʣʠʥʦʡ ʜʦ 36 ʤʤ ʠ 

ʰʠʨʠʥʦʡ ʦʪ 100 ʜʦ 400 ʥʤ [ɸ1]. 

 

 

ʈʠʩʫʥʦʢ 32 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʜʚʫʭ ʤʝʩʪ (ʘ, ʙ) ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ 

ʥʘ ʢʨʝʤʥʠʡ, ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ, ʩ ʨʘʟʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʵʪʘʥʦʣʘ P/P0 = 1, T = 25ÜC [ɸ1] 
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ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʢʨʫʛʣʳʝ ʜʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 80 

ʤʢʤ, ʈʠʩʫʥʦʢ 32ʙ. ʀʟ-ʟʘ ʧʣʦʪʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʠ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʝʪʚʝʡ 

ʚʠʜʥʳ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʚʝʪʚʠ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʮʝʥʪʨʘ [ɸ1]. 

ɹʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʘʥʦʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʥʦʣʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʇʨʦʩʪʳʤʠ ʦʪʣʠʯʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʠ ʵʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ ʧʨʠ 298 ʂ: ʜʣʷ ʤʝʪʘʥʦʣʘ 

T = 337.8 ʂ, ȹvapH
298 = 37.50 ʢɼʞ ʤʦʣʴ-1 ʠ ʜʣʷ ʵʪʘʥʦʣʘ T = 351.5 ʂ, ȹvapH

298 = 42.41 

ʢɼʞ ʤʦʣʴ-1 [83]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʥʘʜ ʢʘʧʣʝʡ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚʳʰʝ, ʯʝʤ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ [84]. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ 

ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠʷ ʤʝʪʘʥʦʣʘ ʠ ʧʝʨʝʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʜʠʧʝʧʪʠʜʦʤ. ɿʘʨʦʜʳʰʠ ʥʝ 

ʤʦʛʫʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 

ʜʣʷ ʨʦʩʪʘ. ɺ ʩʣʫʯʘʝ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʩʧʘʨʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʪʷʞʝʥʥʳʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ [ɸ1]. 

ʉʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʚʩʝ ʪʠʧʳ ʧʦʜʣʦʞʝʢ, 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʩʣʝ ʠʭ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ, ʈʠʩʫʥʦʢ 33. ʅʘ ɺʆʇɻ 

ʦʙʥʘʨʫʞʝʥʳ ʢʨʫʧʥʳʝ ʜʝʥʜʨʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʦʭʦʞʠʝ ʥʘ ʩʥʝʞʠʥʢʠ, ʈʠʩʫʥʦʢ 33ʘ. 

ʃʫʯʠ ʩʥʝʞʠʥʢʠ ʩʦʩʪʦʷʪ ʠʟ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʜʣʠʥʦʡ ʜʦ 25 ʤʢʤ, ʈʠʩʫʥʦʢ 33ʙ [ɸ1]. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʳʭ ʜʝʥʜʨʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʣʠʥʦʡ ʚʝʪʚʝʡ ʜʦ 35 ʤʢʤ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʤʝʣʢʠʝ ʚʝʪʚʠ ʜʣʠʥʦʡ 1ï10 ʤʢʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʨʘʢʦʚʠʥ rʛʨʝʙʝʰʢʘ, 

ʈʠʩʫʥʦʢ 33ʚ, ʛ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʯʝʰʫʡʯʘʪʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 33ʜ, ʝ. ʇʣʦʩʢʠʝ ʧʣʘʩʪʠʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʈʠʩʫʥʦʢ 16ʜ, ʠʣʠ ʦʙʨʘʟʫʶʪ ʚʳʪʷʥʫʪʳʝ ʪʝʨʨʘʩʳ, ʈʠʩʫʥʦʢ 33ʝ. 

ʏʝʰʫʡʢʠ ʠʤʝʶʪ ʰʠʨʠʥʫ 50ï300 ʥʤ ʠ ʚʦʟʚʳʰʘʶʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʝʥʢʠ ʥʘ 

3ï20 ʥʤ. ʊʝʨʨʘʩʳ ʠʤʝʶʪ ʩʪʫʧʝʥʯʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʦʩʪʦʷʪ ʠʟ ʪʦʥʢʠʭ ʯʝʰʫʝʢ 

ʜʣʠʥʦʡ 50ï500 ʥʤ ʠ ʪʦʣʱʠʥʦʡ 0.5ï1 ʥʤ. ʊʦʣʱʠʥʘ ʵʪʠʭ ʩʪʫʧʝʥʝʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʤʝʨʘʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ GlyGly [ɸ1]. 
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ʈʠʩʫʥʦʢ 33 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ (ʘ, ʙ), 

ʩʣʶʜʫ (ʚ, ʛ) ʠ ʢʨʝʤʥʠʡ (ʜ, ʝ) ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʧʠʨʠʜʠʥʘ P/P0 = 1, T = 25ÜC [ɸ1] 

 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ GlyGly ʧʘʨʘʤʠ ʩʣʘʙʦʛʦ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ, ʈʠʩʫʥʦʢ 34ʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 2 ʤʢʤ, ʰʠʨʠʥʦʡ ʜʦ 1.4 ʤʢʤ ʠ ʚʳʩʦʪʦʡ ʜʦ 315 

ʥʤ [ɸ1]. ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ, ʈʠʩʫʥʦʢ 34ʙ. ʅʘ ʢʨʝʤʥʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ, 

ʧʦʜʦʙʥʳʝ ʷʯʝʠʩʪʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʈʠʩʫʥʦʢ 34ʚ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʵʣʝʤʝʥʪʦʚ ʜʣʠʥʦʡ 

370ï2.5 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ 100ï200 ʥʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʣʫʯʰʠʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʧʣʝʥʢʘ, ʘ ʪʘʢʞʝ 

ʣʫʯʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʜʠʧʝʧʪʠʜʘ [ɸ1]. 

 

 

ʈʠʩʫʥʦʢ 34 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ 

ɺʆʇɻ (ʘ), ʩʣʶʜʫ (ʙ) ʠ ʢʨʝʤʥʠʡ (ʚ) ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʘʮʝʪʦʥʠʪʨʠʣʘ P/P0 = 1, T = 25ÜC [ɸ1] 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʣʶʜʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʘʨʘʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ) ʚ ʦʪʣʠʯʠʝ ʦʪ ɺʆʇɻ ʠ 

ʢʨʝʤʥʠʷ (ʘʜʜʠʪʠʚʥʳʡ ʵʬʬʝʢʪ). ʊʘʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʜʣʦʞʢʠ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ 

ʩʠʣʴʥʳʤʠ ʧʨʦʪʦʥʦʜʦʥʦʨʘʤʠ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ) ʠ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʘʤʠ (ʧʠʨʠʜʠʥ).  

ʇʨʦʮʝʩʩ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʯʝʚʠʜʥʦ, ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ, ʈʠʩʫʥʦʢ 35 [ɸ1]: (1) ʘʜʩʦʨʙʮʠʷ ʧʘʨʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, (2) ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʦʚ 

(ʤʥʦʛʦʩʣʦʡʥʘʷ ʘʜʩʦʨʙʮʠʷ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʢʨʦ- ʠʣʠ ʥʘʥʦʢʘʧʣʠ, (3) ʯʘʩʪʠʯʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʚ ʢʘʧʣʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

(4) ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʝʨʝʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ, (5) 

ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ (ʩʪʨʫʢʪʫʨ). 

ʃʫʯʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ [85, 86] ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʧʨʦʮʝʩʩʝ (3) ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ (4). ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʠ ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ [87] 

ʠʣʠ ʣʝʢʘʨʩʪʚ [88], ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʘʤʠ [ɸ1]. 
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ʈʠʩʫʥʦʢ 35 ï ʉʭʝʤʘ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʩʙʦʨʢʠ GlyGly ʚ ʘʤʦʨʬʥʦʡ 

ʧʣʝʥʢʝ, ʠʥʠʮʠʠʨʫʝʤʦʡ ʧʘʨʦʤ [ɸ1] 

 

ɹr ʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: çʧʦʯʝʤʫ ʥʝ ʚʩʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʨʠʚʦʜʠʣʠ ʢ ʷʚʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ?è [ɸ1]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ 

ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʜʠʧʝʧʪʠʜʘ, ʠʥʘʯʝ ʧʨʦʮʝʩʩ 

(3) ʥʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʍʘʥʩʝʥʘ (HSP), ʚʢʣʶʯʘʶʱʠʝ 

ʜʠʩʧʝʨʩʠʦʥʥʫʶ (ŭD), ʧʦʣʷʨʥʫʶ (ŭp), ʚʦʜʦʨʦʜʥʫʶ (ŭh) ʩʦʩʪʘʚʣʷʶʱʠʝ [89], ʊʘʙʣʠʮʘ 

1. ʇʘʨʘʤʝʪʨ ʨʘʩʪʚʦʨʠʤʦʩʪʠ çʨʘʩʩʪʦʷʥʠʝè (Ra), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʧʝʧʪʠʜʘ ʩ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʪʨʫʜʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ-ʟʘ 

ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʳ GlyGly [ɸ1]. 

ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ ʧʦʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ŭp ʠ ʚʣʠʷʥʠʝʤ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ. ʀʩʩʣʝʜʫʝʤʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʈʠʩʫʥʦʢ 36. ʈʘʩʪʚʦʨʠʪʝʣʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ŭp> 6 ʤʦʛʫʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ 

ʠ ʢʨʝʤʥʠʷ. ʊʦʛʜʘ ʢʘʢ ʩʣʶʜʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʶ ʜʘʞʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ ŭp = 18 

(ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʤʦʨʬʦʣʦʛʠʠ) ʠ ʧʠʨʠʜʠʥʘ ŭp = 8.8 (ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʩʣʫʯʘʝ ʵʪʦʡ ʧʦʜʣʦʞʢʠ, ʜʣʷ ʩʘʤʦʩʙʦʨʢʠ 

ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʚʘʞʥʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʧʨʦʪʦʥʦʚ [ɸ1]. 
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ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʍʘʥʩʝʥʘ [89]. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ŭD ŭp ŭh 

CH3OH  15.10 12.30 22.30 

C2H5OH  15.80 8.80 19.40 

CHCl3 17.80 3.10 5.70 

CH2Cl2  18.20 6.30 6.10 

CH3CN  15.30 18.00 6.10 

C5H5N  19.00 8.80 5.90 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʭʣʦʨʦʬʦʨʤ ʩ ŭp = 3.1 ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʩʣʝʜʦʚ 

ʚʦʜʳ (ŭp = 16) ʚ ʭʣʦʨʦʬʦʨʤʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʩʚʦʡʩʪʚ ʩʨʝʜʳ [89, 90]. 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ɸʉʄ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʍʘʥʩʝʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ ŭp = 0, ʥʘʧʨʠʤʝʨ, ʘʣʢʘʥʳ ʠʣʠ ʘʨʝʥʳ, ʥʝ 

ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ GlyGly. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʘʨʘʤʠ ʚʦʜʳ ŭp = 16 ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʦʨʬʦʣʦʛʠʠ. 

 

 

ʈʠʩʫʥʦʢ 36 ï ʆʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʍʘʥʩʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ: (ʘ) ŭh ʦʪ ŭp ʠ (ʙ) ŭD ʦʪ ŭp [ɸ1] 

 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫ʧʘʨʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ 

ʪʨʠʧʝʧʪʠʜʘ GlyGlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ [ɸ2]. ɹʳʣʦ 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɺʆʇɻ, 

ʩ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʣʦʠʩʪʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ ʪʨʠʧʝʧʪʠʜʘ 

ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʟʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ ʜʦ 450 ʥʤ ʠ 

ʰʠʨʠʥʦʡ 118ï370 ʥʤ ʚ ʩʣʫʯʘʝ ɺʆʇɻ, ʈʠʩʫʥʦʢ 37ʘ, ʠ ʩʣʦʠʩʪʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ ʦʪ 500 ʥʤ ʜʦ 1.3 ʤʢʤ, ʰʠʨʠʥʦʡ ʦʪ 

300 ʥʤ ʜʦ 1.2 ʤʢʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʈʠʩʫʥʦʢ 37ʙ [ɸ2]. 

 

 

ʈʠʩʫʥʦʢ 37 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ GlyGlyGly, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ɺʆʇɻ (ʘ, ʚ) ʠ 

ʩʣʶʜʫ (ʙ, ʛ), ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ (ʘ, ʙ) ʠ ʚʦʜʳ (ʚ, ʛ). 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʵʪʘʥʦʣʘ P/P0 = 1, T = 25ÜC [ɸ2] 

 

ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ɺʆʇɻ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʪʷʞʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 40 ʤʢʤ ʚʳʩʦʪʦʡ ʦʪ 10 ʜʦ 70 ʥʤ, 

ʈʠʩʫʥʦʢ 37ʚ [ɸ2]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʡ 

ʧʣʝʥʢʠ GlyGlyGly ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʚʦʜʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ 
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ʩʦʨʙʮʠʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʢʚʘʨʮʝʚʳʭ ʤʠʢʨʦʚʝʩʦʚ [10], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʪʨʠʧʝʧʪʠʜʘ, ʥʘʥʝʩʝʥʥʘ ̫ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʚʦʜʫ, ʥʦ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʝʤʢʦʩʪʴʶ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʠʨʪʘʤ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʘʨʦʚ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʦʢ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ɺʆʇɻ ʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʟʦʣʦʪʘ, ʦʜʠʥʘʢʦʚʦ [91]. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʣʶʜʫ, ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʨʦʚ ʚʦʜʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʦʠʩʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʈʠʩʫʥʦʢ 37ʛ. 

ʐʠʨʠʥʘ ʯʝʰʫʝʢ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 50 ʜʦ 150 ʥʤ, ʚʳʩʦʪʘ ʦʪ 30 ʜʦ 100 ʥʤ [ɸ2]. 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʦʥʢʠʤʠ 

ʧʣʝʥʢʘʤʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ɗ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʣʦʞʝʢ, ʊʘʙʣʠʮʘ 2. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʚ ʊʘʙʣʠʮʘ 2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʠʩʣʝʥʥʦʛʦ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʜʣʦʞʢʦʡ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʝʪʦʜʘʤʠ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [91]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮ r2, ʢʨʘʝʚʳʝ ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ɺʆʇɻ ʠ ʟʦʣʦʪʘ 

ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʜʣʷ ʩʣʶʜʳ [ɸ2]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠʭ 

ʧʦʜʣʦʞʝʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʩʘʤʦʩʙʦʨʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ. ɺ ʩʣʫʯʘʝ ʩʣʶʜʳ 

ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʪʨʝʙʫʝʪʩʷ 

ʟʘʪʨʘʪʠʪʴ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʘʜʛʝʟʠʠ [ɸ2]. 

 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʝʢ [ɸ2]. 

ʇʦʜʣʦʞʢʘ  ʂʨʘʝʚʦʡ ʫʛʦʣ ɗ, ʛʨʘʜ 

ɺʆʇɻ (ʩʚʝʞʠʡ ʩʢʦʣ)  68.2 Ñ 1.6 [92] 

ɺʆʇɻ  ~90 [92], 91.0 Ñ 2.5 [93] 

ɿʦʣʦʪʦ  40ï80 [94, 95] 

ʉʣʶʜʘ  >1 [96], >30 [97] 

ʆʢʠʩʣʝʥʥʳʡ ʢʨʝʤʥʠʡ  ~ 17 [98], 22 Ñ 1 [99] 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʪʨʠʧʝʧʪʠʜʘ ʜʦ ʠ ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ, ʠ ʧʣʝʥʦʢ, ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʘʤʠ ʚʦʜʳ ʠ ʵʪʘʥʦʣʘ, ʈʠʩʫʥʦʢ 38 

[ɸ2]. 

 

ʈʠʩʫʥʦʢ 38 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʣʝʥʢʠ GlyGlyGly, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺʆʇɻ ʧʨʠ ʙʳʩʪʨʦʤ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʢʨʠʚʘʷ 1), ʧʣʝʥʢʠ 

GlyGlyGly ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ (ʢʨʠʚʘʷ 2) ʠ ʧʘʨʘʤʠ ʚʦʜʳ (ʢʨʠʚʘʷ 3) 

[ɸ2] 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʧʦʜʣʦʞʝʢ ʚ 

ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʬʦʨʤʠʨʫʶʪʩʷ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ, 

ʈʠʩʫʥʦʢ 38, ʢʨʠʚʘʷ 1. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʦʝ çʛʘʣʦè, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʘʤʦʨʬʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʦʨʬʥʦʡ 

ʧʣʝʥʢʠ GlyGlyGly ʩ ʥʘʩʳʱʝʥʥʳʤ ʧʘʨʦʤ ʵʪʘʥʦʣʘ ʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʝʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʈʠʩʫʥʦʢ 38, ʢʨʠʚʳʝ 2 ʠ 3. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʫʧʘʢʦʚʢʘ ʪʨʠʧʝʧʪʠʜʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʥʘʩʳʱʝʥʠʷ ʨʘʟʣʠʯʘʝʪʩʷ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ GlyGlyGly, ʥʘʩʳʱʝʥʥʦʛʦ ʵʪʘʥʦʣʦʤ, ʩʦʜʝʨʞʠʪ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 2ɗ, ʨʘʚʥʳʭ 20Á, 20.6Á, 23.9Á, 25.9Á, 26.5Á ʠ 35.6Á, 

ʈʠʩʫʥʦʢ 38, ʢʨʠʚʘʷ 2. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ GlyGlyGly, 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘʤʠ ʚʦʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʧʨʠ ʫʛʣʘʭ 19.9Á, 21.4Á, 

21.9Á, 23.7Á, 25.9Á, 28.9Á, 30.4Á, 32.4Á, 33.8Á ʠ 35.7Á, ʈʠʩʫʥʦʢ 38, ʢʨʠʚʘʷ 3. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ 
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ɸʉʄ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ GlyGlyGly ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʚʦʜʳ ʠ ʵʪʘʥʦʣʘ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ: ʥʝʙʦʣʴʰʠʝ ʫʟʢʠʝ ʢʨʠʩʪʘʣʣʳ ʚ 

ʩʣʫʯʘʝ ʵʪʘʥʦʣʘ ʠ ʜʣʠʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʩʣʫʯʘʝ ʚʦʜʳ, ʈʠʩʫʥʦʢ 37 [ɸ2]. 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ GlyGlyGly ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʝʝ ʤʦʨʬʦʣʦʛʠʠ, ʈʠʩʫʥʦʢ 39 [ɸ2]. 

 

 

ʈʠʩʫʥʦʢ 39 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʢʠ GlyGlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ 

(ʘ), ʩʣʶʜʫ (ʙ), ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʧʠʨʠʜʠʥʘ P/P0 = 1, T = 25ÜC [ɸ2] 

 

ɺ ʩʣʫʯʘʝ ɺʆʇɻ, ʈʠʩʫʥʦʢ 39, ʧʣʝʥʢʘ ʯʘʩʪʠʯʥʦ ʥʘʙʫʭʘʝʪ, ʥʘ ʥʝʡ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʢʨʫʛʣʳʝ ʦʙʲʝʢʪʳ ʜʠʘʤʝʪʨʦʤ ~1 ʤʢʤ, ʚʳʩʪʫʧʘʶʱʠʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʝʥʢʠ ʥʘ 

10ï30 ʥʤ, ʠ ʧʣʦʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʭʦʞʠʝ ʥʘ ʣʠʩʪʳ ʜʝʨʝʚʘ, 

ʜʠʘʤʝʪʨʦʤ ʦʪ 10 ʜʦ 20 ʤʢʤ, ʘ ʪʘʢʞʝ ʩʢʦʧʣʝʥʠʷ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʠʢʦʚ, ʜʣʠʥʘ ʠ 

ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 500 ʥʤ ʜʦ 1 ʤʢʤ ʦʪ 500 ʜʦ 700 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[ɸ2]. 

ɺ ʩʣʫʯʘʝ ʩʣʶʜʳ, ʈʠʩʫʥʦʢ 39, ʥʘ ʧʣʝʥʢʝ ʬʦʨʤʠʨʫʶʪʩʷ ʦʢʨʫʛʣʳʝ ʦʙʲʝʢʪʳ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʧʦ ʬʦʨʤʝ ʢʨʘʪʝʨʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 500 ʥʤ ʜʦ 2 ʤʢʤ ʠ ʚʳʩʦʪʦʡ ʞʝʨʣʘ 

ʦʪ 250 ʜʦ 500 ʥʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʙʳʯʥʦʝ ʥʘʙʫʭʘʥʠʝ 

ʧʣʝʥʢʠ ʙʝʟ ʝʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [ɸ2]. 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ, ʧʘʨʘʤʠ ʙʝʥʟʦʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʰʝʩʪʠʛʨʘʥʥʦʡ 

ʜʝʥʜʨʠʪʥʦʡ ʬʦʨʤʳ, ʈʠʩʫʥʦʢ 40ʘ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʷʪ ʠʟ 

ʥʘʥʦʚʦʣʦʢʦʥ ʜʣʠʥʦʡ ʦʪ 10 ʜʦ 60 ʥʤ, ʪʦʣʱʠʥʦʡ ʦʪ 60 ʜʦ 250 ʥʤ. ɺʣʠʷʥʠʝ ʙʝʥʟʦʣʘ, 
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ʥʝʩʧʦʩʦʙʥʦʛʦ ʢ ʩʠʣʴʥʳʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʪʨʠʧʝʧʪʠʜʦʤ, ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ GlyGlyGly ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʭʦʨʦʰʝʛʦ ʩʤʘʯʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʧʠʨʦʛʨʘʬʠʪʘ [100] ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʡ ʧʨʦʩʣʦʡʢʠ 

ʤʝʞʜʫ ʩʣʦʝʤ ʪʨʠʧʝʧʪʠʜʘ ʠ ʧʦʜʣʦʞʢʦʡ. 

 

 

ʈʠʩʫʥʦʢ 40 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʢʠ GlyGlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ (ʘ, 

ʚ) ʩʣʶʜʫ (ʙ, ʛ), ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʙʝʥʟʦʣʘ (ʘ, ʙ) ʠ ʜʠʭʣʦʨʤʝʪʘʥʘ (ʚ, ʛ). 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʠ ʜʠʭʣʦʨʤʝʪʘʥʘ P/P0 = 1, T = 25ÜC 

[ɸ2] 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʦʜʚʠʞʥʦʩʪʴ ʤʦʣʝʢʫʣ ʪʨʠʧʝʧʪʠʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʣʶʜʫ, ʧʘʨʘʤʠ ʙʝʥʟʦʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʚʳʨʘʚʥʠʚʘʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʨ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 70 ʥʤ, ʈʠʩʫʥʦʢ 

40ʙ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

GlyGlyGly ʩ ʧʦʜʣʦʞʢʦʡ. ʅʘ ʩʣʶʜʝ, ʩʧʦʩʦʙʥʦʡ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʪʴ ʤʦʣʝʢʫʣʳ ʪʨʠʧʝʧʪʠʜʘ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʩʪʨʫʢʪʫʨ [ɸ2]. 
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ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʪʨʠʧʝʧʪʠʜʘ ʧʘʨʘʤʠ ʜʠʭʣʦʨʤʝʪʘʥʘ, 

ʥʝʩʧʦʩʦʙʥʦʛʦ ʢ ʩʠʣʴʥʳʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ GlyGlyGly, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʦʜʣʦʞʢʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, 

ʈʠʩʫʥʦʢ 40ʚ, ʛ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʩʣʶʜʳ, ʈʠʩʫʥʦʢ 40ʛ, 

ʧʣʝʥʢʘ GlyGlyGly ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʠʭʣʦʨʤʝʪʘʥʦʤ ʥʘʙʫʭʘʝʪ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʨʳʚʳ ʛʣʫʙʠʥʦʡ ʜʦ 150 ʥʤ. ʅʘʩʳʱʝʥʠʝ 

ʧʘʨʘʤʠ ʜʠʭʣʦʨʤʝʪʘʥʘ ʧʣʝʥʢʠ GlyGlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɺʆʇɻ, 

ʈʠʩʫʥʦʢ 40ʚ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʩʭʦʜʷʱʠʭ ʚ 

ʚʠʜʝ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʣʫʯʝʡ ʠʟ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʜʣʠʥʦʡ ʦʪ 3 ʤʢʤ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʪʦʪ ʞʝ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʙʝʥʟʦʣʘ [ɸ2]. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʜʣʦʞʢʠ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʧʣʝʥʦʢ ʜʠ- 

ʠ ʪʨʠʧʝʧʪʠʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʣʘʩʪʠʥʢʠ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʨʝʤʥʠʷ [ɸ3].  

ʇʦʣʫʯʝʥʥʳʝ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ GlyGly ʠ GlyGlyGly ʥʘʥʝʩʝʥʥʳʝ ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʳʡ ʠ ʛʠʜʨʦʬʦʙʥʳʡ ʢʨʝʤʥʠʡ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ 

ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʘ ʧʠʨʠʜʠʥʘ ʠ ʧʨʦʪʦʥʦʜʦʥʦʨʘ ʵʪʘʥʦʣʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 41, 

42 [ɸ3]. 

ʇʘʨʳ ʧʠʨʠʜʠʥʘ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ, ʥʘʥʝʩʝʥʥʫʶ ʢʘʢ ʥʘ ʛʠʜʨʦʬʠʣʴʥʳʡ, ʈʠʩʫʥʦʢ 41ʘ, 

ʪʘʢ ʠ ʥʘ ʛʠʜʨʦʬʦʙʥʳʡ ʢʨʝʤʥʠʡ, ʈʠʩʫʥʦʢ 41ʙ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʢʨʫʛʣʳʝ ʦʙʲʝʢʪʳ ʜʠʘʤʝʪʨʦʤ 0.3ï0.7 ʤʢʤ, ʈʠʩʫʥʦʢ 41ʘ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʪʷʞʝʥʥʳʝ ʩʣʦʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ GlyGly, ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʦʢʦʣʦ 0.1 ʤʢʤ, ʩ ʢʨʫʧʥʳʤʠ ʧʣʦʩʢʠʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʠʥʦʡ 0.4ï0.7 ʤʢʤ ʠ ʰʠʨʠʥʦʡ 0.2ï0.4 ʤʢʤ, ʈʠʩʫʥʦʢ 

41ʙ [ɸ3]. 

ʅʘ ʛʠʜʨʦʬʠʣʴʥʦʤ ʢʨʝʤʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʠʨʠʜʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʩʙʦʨʢʘ 

GlyGlyGly ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʪʠʧʦʚ: ʤʝʣʢʠʭ ʜʦ 0.3 ʤʢʤ, ʠ ʢʨʫʧʥʳʭ 

ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ, ʈʠʩʫʥʦʢ 41ʚ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʬʘʟʘ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ. ʇʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʧʣʝʥʢʠ GlyGlyGly ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʤʝʣʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʪ 100 ʥʤ ʜʦ 700 ʥʤ, ʈʠʩʫʥʦʢ 41ʛ [ɸ3]. 



68 

 

ʈʠʩʫʥʦʢ 41 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ (ʘ, ʙ) GlyGly ʠ (ʚ, ʛ) GlyGlyGly ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʦʤ (ʘ, ʚ) ʠ (ʙ, ʛ) ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ 

ʧʠʨʠʜʠʥʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʧʠʨʠʜʠʥʘ P/P0 = 1, T = 25ÜC [ɸ3] 

 

ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʳʡ ʠʣʠ ʛʠʜʨʦʬʦʙʥʳʡ ʢʨʝʤʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʘʤʦʩʙʦʨʢʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʈʠʩʫʥʦʢ 42. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʦʤ ʢʨʝʤʥʠʠ ʩʘʤʦʩʙʦʨʢʘ GlyGly ʠ GlyGlyGly ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʨʦʜʳʰʘ ʠ 

ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʈʠʩʫʥʦʢ 42ʘ, ʚ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʪʨʝʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ʅʘ 

ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʣʠʥʦʡ ʜʦ 4.5 ʤʢʤ ʠ ʤʝʣʢʠʭ ʩ ʜʣʠʥʦʡ ʦʪ 0.2 

ʤʢʤ ʜʦ 0.6 ʤʢʤ, ʈʠʩʫʥʦʢ 42ʙ, ʛ [ɸ3]. 
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ʈʠʩʫʥʦʢ 42 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ (ʘ, ʙ) GlyGly ʠ (ʚ, ʛ) GlyGlyGly ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʦʤ (ʘ, ʚ) ʠ (ʙ, ʛ) ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ 

ʵʪʘʥʦʣʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʵʪʘʥʦʣʘ P/P0 = 1, T = 25ÜC [ɸ3] 

 

ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʨʘʟʥʳʝ ʧʦʜʣʦʞʢʠ, ʧʘʨʘʤʠ 

ʩʣʘʙʦʛʦ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʥʳʭ ʧʦ ʬʦʨʤʝ ʩʪʨʫʢʪʫʨ. ʅʘ ʛʠʜʨʦʬʠʣʴʥʦʤ ʢʨʝʤʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʫʟʢʠʝ, 

ʚʳʪʷʥʫʪʳʝ ʚʦʨʩʦʧʦʜʦʙʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʠʥʦʡ 0.4ï2 ʤʢʤ, ʈʠʩʫʥʦʢ 

43ʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ï ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʧʦʭʦʞʠʝ ʥʘ ʚʝʪʚʠ ʩ ʠʛʦʣʢʘʤʠ ʜʣʠʥʦʡ ʦʪ 0.4 ʤʢʤ ʜʦ 2 ʤʢʤ, ʈʠʩʫʥʦʢ 43ʙ [ɸ3]. 

ʇʘʨʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʢʠ ʪʨʠʧʝʧʪʠʜʘ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʤ 

ʢʨʝʤʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ, ʈʠʩʫʥʦʢ 43ʚ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʝʛʦ ʧʘʨʘʤʠ ʧʣʝʥʢʠ GlyGlyGly, 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʛʠʜʨʦʬʦʙʥʳʡ ʢʨʝʤʥʠʡ, ʈʠʩʫʥʦʢ 43ʛ. ʈʘʟʙʨʦʩ ʧʦ ʚʳʩʦʪʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 0.8 ʤʢʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʚʦʣʦʢʥʦʦʙʨʘʟʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʭʦʨʦʰʦ ʦʯʝʨʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʦʪ 1 ʤʢʤ ʜʦ 3.5 ʤʢʤ [ɸ3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʘʙʦʛʦ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʘ ʢʦʣʠʯʝʩʪʚʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʤʦʣʝʢʫʣʝ ʦʣʠʛʦʧʝʧʪʠʜʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 
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ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʘʤʦʩʙʦʨʢʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʜʣʦʞʢʠ 

ʘʮʝʪʦʥʠʪʨʠʣ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʧʦʩʦʙʝʥ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʘʤʦʩʙʦʨʢʠ 

ʪʨʠʧʝʧʪʠʜʘ. 

 

 

ʈʠʩʫʥʦʢ 43 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ (ʘ, ʙ) GlyGly ʠ (ʚ, ʛ) GlyGlyGly ʥʘ 

ʛʠʜʨʦʬʠʣʴʥʦʤ (ʘ, ʚ) ʠ (ʙ, ʛ) ʛʠʜʨʦʬʦʙʥʦʤ ʢʨʝʤʥʠʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʦʚ ʘʮʝʪʦʥʠʪʨʠʣʘ P/P0 = 1, T = 

25ÜC [ɸ3] 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʣʝʥʢʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʚʳʨʘʩʪʘʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʦʩʪʘʚʘʣʠʩʴ ʦʙʣʘʩʪʠ ʧʦʭʦʞʠʝ ʥʘ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʘʪʦʤʥʦ ʩʠʣʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ɸʉʉ) ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʠ ʩʨʘʚʥʝʥʠʷ ʩʠʣʳ ʘʜʛʝʟʠʠ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʥʘʯʘʣʴʥʳʤʠ ʘʤʦʨʬʥʳʤʠ ʧʣʝʥʢʘʤʠ. 

ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ɸʉʉ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʠʣʦʚʳʝ 

ʢʨʠʚʳʝ, ʨʠʩ 44, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʘʥʘ ʩʠʣʘ ʘʜʛʝʟʠʠ Fʘʜʛ ʧʦʣʫʯʝʥʥʳʭ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʢ ʟʦʥʜʫ [ɸ3]. 
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ɼʣʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ GlyGly ʠ GlyGlyGly, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʧʦʜʣʦʞʢʠ, ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 100ï120 ʥʅ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʧʣʝʥʢʠ GlyGlyGly ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʜʣʦʞʢʝ, ʈʠʩʫʥʦʢ 43ʚ, ʩʠʣʘ ʘʜʛʝʟʠʠ 

ʩʦʩʪʘʚʠʣʘ 160 ʥʅ. ʅʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʦʨʬʥʦʡ 

ʧʣʝʥʢʦʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʝʝ ʥʘʙʫʭʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʘʨʘʤʠ. ʅʘ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʜʣʦʞʢʝ ʧʦ ʜʘʥʥʳʤ ɸʉʄ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʧʝʧʪʠʜʘ, ʈʠʩʫʥʦʢ 43ʛ, ʠ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʘʜʛʝʟʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ï ʜʦ 50 ʥʅ [ɸ3]. 

 

 

ʈʠʩʫʥʦʢ 44 ï ʂʨʠʚʳʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʘʤʦʨʬʥʦʡ (1) 

ʧʣʝʥʢʠ GlyGlyGly ʠ ʧʣʝʥʢʠ GlyGlyGly ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʵʪʘʥʦʣʘ (2), 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʛʠʜʨʦʬʠʣʴʥʳʡ ʢʨʝʤʥʠʡ [ɸ3] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʚʝʣʠʯʠʥʘ ʩʠʣʳ 

ʘʜʛʝʟʠʠ ʩʦʩʪʘʚʣʷʝʪ 100ï120 ʥʅ. ʇʨʠ ʥʘʙʫʭʘʥʠʠ ʧʣʝʥʢʠ ʚ ʧʘʨʘʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʠʣʘ 

ʘʜʛʝʟʠʠ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʘʜʛʝʟʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ɸʉʄ [ɸ3]. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ɸʉʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ [ɸ3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ GlyGly ʠ ʪʨʠʧʝʧʪʠʜʘ 
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GlyGlyGly ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʠ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʨʦʚ ʩʠʣʴʥʦʛʦ ʧʨʦʪʦʥʦʜʦʥʦʨʘ ʵʪʘʥʦʣʘ 

ʠ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʘ ʧʠʨʠʜʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʜʣʦʞʢʠ. ʌʦʨʤʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʧʘʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʧʣʝʥʦʢ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʘʨʦʚ ʩʣʘʙʦʛʦ ʧʨʦʪʦʥʘʢʮʝʧʪʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʪʦʥʢʠʝ 

ʧʣʝʥʢʠ ʠʟʫʯʝʥʥʳʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʘʤʦʩʙʦʨʢʠ 

ʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʘ 

ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʜʣʦʞʢʠ. ʊʘʢ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʛʠʜʨʦʬʠʣʴʥʳʡ ʠʣʠ ʛʠʜʨʦʬʦʙʥʳʡ ʢʨʝʤʥʠʡ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʘʮʝʪʦʥʠʪʨʠʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʪʨʠʧʝʧʪʠʜʘ ʩʘʤʦʩʙʦʨʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʵʪʦʤ, ʚ ʩʣʫʯʘʝ 

ʜʠʧʝʧʪʠʜʘ ʬʦʨʤʘ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʤ ʠ ʛʠʜʨʦʬʦʙʥʦʤ 

ʢʨʝʤʥʠʠ, ʨʘʟʣʠʯʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʞʝ ʧʣʝʥʦʢ ʜʠ- ʠ ʪʨʠʧʝʧʪʠʜʘ ʛʣʠʮʠʥʘ ʥʘʥʝʩʝʥʥʳʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʬʠʣʴʥʦʡ ʩʣʶʜʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʧʣʝʥʦʢ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʩʣʘʙʳʭ 

ʧʨʦʪʦʥʦʜʦʥʦʨʦʚ ʠ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʦʚ. 

ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʛʝʟʠʦʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ 

ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ. 

 

3.3. ɻʣʘʚʥʳʡ ʬʘʢʪʦʨ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ. 

ɺʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʘʤʦʩʙʦʨʢʠ ʦʣʠʛʦʧʝʧʪʠʜʦʚ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʩʣʝʜʦʚʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʠʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʤʦʛʫʪ ʨʝʟʢʦ ʠʟʤʝʥʠʪʴ 
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ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʘʤʦʩʙʦʨʢʠ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ 

ʢʘʩʘʝʪʩʷ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʟʜʫʭʝ ʠ ʚ ʞʠʜʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʥʝ ʧʦʜʚʝʨʛʰʠʭʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ. 

ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʢ ʨʘʩʪʚʦʨʘʤ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʬʝʥʠʣʘʣʘʥʠʥʘ (PhePhe) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʩʪʨʫʢʪʫʨ: ʚʤʝʩʪʦ ʥʘʥʦʩʬʝʨ ʠ ʚʝʟʠʢʫʣ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʥʦʪʨʫʙʢʠ ʠ ʥʘʥʦʧʨʦʚʦʜʘ 

[100]. Cyclo(LeuLeu) ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʦʙʳʯʥʳʝ ʛʝʣʠ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʦʚ ʚʦʜʳ [90]. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʚʪʦʨʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʜr. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʨʷʜʘ ʧʘʨʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʠʧ ʠ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʠʥʦʛʜʘ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɹʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʩʘʤʦʩʙʦʨʢʘ ʜʠʧʝʧʪʠʜʦʚ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

3.3.1. ʉʘʤʦʩʙʦʨʢʘ ʜʠʧʝʧʪʠʜʘ ʛʣʠʮʠʣ-ʛʣʠʮʠʥ ʠʥʠʮʠʠʨʫʝʤʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦ 

ʩʤʝʩʴ ʁʧʘʨʦʚ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ɸʤʦʨʬʥʘʷ ʧʣʝʥʢʘ GlyGly, ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʡ ʢʨʝʤʥʠʝʚʦʡ 

ʧʦʜʣʦʞʢʝ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʩʤʝʩʠ ʚʦʜʘ/ʤʝʪʘʥʦʣ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2, ʙʳʣʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ɸʉʄ, ʈʠʩʫʥʦʢ 27ʘ. ɼʘʣʝʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʩʘʤʦʩʙʦʨʢʘ GlyGly ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʧʘʨʘʤʠ ʧʨʦʪʦʥʦʜʦʥʦʨʥʦʛʦ ʭʣʦʨʦʬʦʨʤʘ 

(CHCl3), ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʠʭʣʦʨʤʝʪʘʥʘ (CH2Cl2) ʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ 

(CCl4), ʘ ʪʘʢʞʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʝʥʟʦʣʘ (C6H6) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʘʨʦʚ 

ʚʦʜʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ GlyGly ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʘʤʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ~0% ʢʘʢʠʝ-ʣʠʙʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʈʠʩʫʥʦʢ 45ʘ, ʙ, ʚ. ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ 

ʧʘʨʘʤʠ ʙʝʥʟʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʥʘʙʫʭʘʥʠʶ ʠ ʯʘʩʪʠʯʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ, ʈʠʩʫʥʦʢ 45ʛ 

[ɸ4]. 
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ʈʠʩʫʥʦʢ 45 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ GlyGly, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʢʨʝʤʥʠʝʚʫʶ 

ʧʦʜʣʦʞʢʫ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ CH2Cl2 (ʘ), CHCl3 (ʙ), CCl4 (ʚ) ʠ C6H6 (ʛ) ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ [ɸ4] 

 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʩʤʝʩʠ ʜʠʭʣʦʨʤʝʪʘʥ/ʚʦʜʘ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʈʠʩʫʥʦʢ 46ʘ. ʏʘʩʪʠʯʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʝʥʢʠ GlyGly ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʠʩʪʝʤʝ ʭʣʦʨʦʬʦʨʤ/ʚʦʜʘ, ʈʠʩʫʥʦʢ 46ʛ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʞʝ ʧʦʩʣʝ 10 ʤʠʥ ʥʘʩʳʱʝʥʠʷ ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ ʠʣʠ 

ʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 46ʞ, ʢ. ɺ ʩʣʫʯʘʝ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʦʙʨʘʟʫʶʪʩʷ 

ʚʳʪʷʥʫʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʦʪ 20 ʜʦ 40 ʤʢʤ ʠ ʰʠʨʠʥʦʡ 0.5ï1 ʤʢʤ, ʈʠʩʫʥʦʢ 46ʢ. 

ʂʦʨʦʪʢʠʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʜʣʠʥʫ ʤʝʥʝʝ 5 ʤʢʤ, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20 ʜʦ 80 ʥʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʶʪʩʷ ʧʦʨʳ ʜʠʘʤʝʪʨʦʤ 

ʦʪ 200 ʜʦ 500 ʥʤ ʠ ʛʣʫʙʠʥʦʡ ʦʪ 10 ʜʦ 30 ʥʤ. ʇʦʜʦʙʥʳʝ ʧʦʨʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʨʘʥʝʝ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʧʣʝʥʢʠ ʛʣʠʮʠʣ-ʛʣʠʮʠʣ-ʛʣʠʮʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ. ɺ ʩʠʩʪʝʤʝ ʩ 

ʧʘʨʘʤʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ, ʈʠʩʫʥʦʢ 46ʞ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʢʣʘʜʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʫʟʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ ʦʪ 0.5 ʜʦ 
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4 ʤʢʤ. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʫʛʣʦʚʫʶ ʬʦʨʤʫ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʢʨʠʩʪʘʣʣʳ/ʘʤʦʨʬʥʘʷ ʯʘʩʪʴ 

[ɸ4]. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʧʣʝʥʢʠ GlyGly ʚ ʧʘʨʘʭ ʩʤʝʩʠ ʜʦ 30 ʤʠʥ 

ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʜʠʧʝʧʪʠʜʘ, ʈʠʩʫʥʦʢ 46ʙ, ʜ, 

ʟ, ʣ. ɺ ʩʣʫʯʘʝ ʜʠʭʣʦʨʤʝʪʘʥʘ ʠ ʭʣʦʨʦʬʦʨʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ 

ʧʦʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 46ʙ, ʜ. ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʨʘʥʝʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ GlyGly, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ɺʆʇɻ 

ʧʦʩʣʝ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʥʘʩʳʱʝʥʠʷ ʧʣʝʥʢʠ ʩʤʝʩʴʶ ʧʘʨʦʚ ʙʝʥʟʦʣʘ ʠ ʚʦʜʳ ʫʟʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʈʠʩʫʥʦʢ 46ʢ, 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 46ʣ. ʆʙʱʠʡ ʨʘʟʙʨʦʩ ʧʦ ʚʳʩʦʪʝ 

ʥʘ ʩʢʘʥʝ 30 Ĭ 30 ʤʢʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 200 ʥʤ, ʈʠʩʫʥʦʢ 44 ʢ, ʜʦ 300 ʥʤ, ʈʠʩʫʥʦʢ 46ʢ. 

ʇʨʠ ʵʪʦʤ ʧʦʨʳ ʠ ʠʭ ʨʘʟʤʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʦʭʨʘʥʷʶʪʩʷ. ɺ ʩʠʩʪʝʤʝ ʩ 

ʧʘʨʘʤʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦ 10 

ʤʢʤ, ʈʠʩʫʥʦʢ 46ʟ [ɸ4]. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ ʜʦ 60 ʤʠʥ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʦʨʦʰʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʨʦʤʝ ʜʠʭʣʦʨʤʝʪʘʥʘ, 

ʈʠʩʫʥʦʢ 46ʚ, ʝ, ʠ, ʤ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ 

ʧʣʝʥʢʘ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʫʟʢʠʝ ʢʨʠʩʪʘʣʣʳ ʰʠʨʠʥʦʡ ʦʪ 

250 ʜʦ 500 ʥʤ ʠ ʜʣʠʥʦʡ ʦʪ 2 ʜʦ 6 ʤʢʤ, ʈʠʩʫʥʦʢ 46ʚ [ɸ4]. 

ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʭʣʦʨʦʬʦʨʤʘ/ʚʦʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʰʠʧʦʚʠʜʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 46ʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʶʪʩʷ ʧʦʨʳ ʜʠʘʤʝʪʨʦʤ 

ʦʢʦʣʦ 300 ʥʤ ʠ ʛʣʫʙʠʥʦʡ ʦʪ 10 ʜʦ 30 ʥʤ. ʈʘʟʙʨʦʩ ʧʦ ʚʳʩʦʪʝ ʥʘ ʩʢʘʥʝ 30Ĭ30 ʤʢʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 450 ʥʤ [ɸ4]. 

ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʙʝʥʟʦʣʘ/ʚʦʜʳ ʢʨʠʩʪʘʣʣʳ ʧʨʠʦʙʨʝʣʠ ʙʦʣʝʝ ʛʣʘʜʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʧʦʯʪʠ ʚʩʝ ʧʦʨʳ ʩʫʟʠʣʠʩʴ, ʈʠʩʫʥʦʢ 46ʤ. ɺ ʩʣʫʯʘʝ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ ʩ 30 ʜʦ 60 ʤʠʥ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚʳʪʷʥʫʪʳʝ ʠ ʫʛʣʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 46ʠ [ɸ4]. 
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ʈʠʩʫʥʦʢ 46 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ GlyGly ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ (ʘ, ʛ, ʞ, ʢ), 30 ʤʠʥ (ʙ, ʜ, ʟ, ʣ) ʠ 60 ʤʠʥ (ʚ, ʝ, ʠ, ʤ) ʧʘʨʘʤʠ ʩʤʝʩʠ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʘ, ʙ, ʚ) CH2Cl2, (ʛ, ʜ, ʝ) CHCl3, (ʞ, ʟ, ʠ) CCl4 ʠ (ʢ, ʣ, ʤ) 

C6H6 ʠ ʚʦʜʘ (20:1 ʧʦ ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʠʪʝʣʴ:ʚʦʜʘ) , 40:1 ʦʙ./ʦʙ. ʜʣʷ ʜʠʭʣʦʨʤʝʪʘʥʘ) 

[ɸ4] 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ (1) ʧʘʨʳ ʚʦʜʳ ʠʥʠʮʠʠʨʫʶʪ ʩʘʤʦʩʙʦʨʢʫ 

GlyGly ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ; (2) ʩʢʦʨʦʩʪʴ ʩʘʤʦʩʙʦʨʢʠ GlyGly ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 
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ʧʘʨʘʤʠ ʩʤʝʩʠ ʙʝʥʟʦʣ/ʚʦʜʘ ʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ/ʚʦʜʘ ʚʳʰʝ, ʯʝʤ ʚ ʩʠʩʪʝʤʝ ʩʦ ʩʤʝʩʷʤʠ 

ʜʠʭʣʦʨʤʝʪʘʥ/ʚʦʜʘ ʠ ʭʣʦʨʦʬʦʨʤ/ʚʦʜʘ [ɸ4]. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʳʭ 

ʧʣʝʥʦʢ ʜʠʧʝʧʪʠʜʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʘʤʠ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ʆʜʥʘʢʦ, ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ɸʉʄ, ʥʝ ʫʜʘʣʦʩʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʜʠʧʝʧʪʠʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʧʣʝʥʢʠ, ʥʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʜʠʧʝʧʪʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʧʨʠ ʙʳʩʪʨʦʤ ʚʳʩʳʭʘʥʠʠ ʢʘʧʝʣʴ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ 

ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʘʤʦʨʬʥʦʛʦ ʧʦʨʦʰʢʘ GlyGly ʩ ʧʘʨʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʦʤ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ [101] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʨʦʰʦʢ 

GlyGly. ʇʦ ʜʘʥʥʳʤ ʇʈɼ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʙʳʣ ʘʤʦʨʬʥʳʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʤ ʛʘʣʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʢʨʠʚʘʷ (ʘ) ʈʠʩʫʥʦʢ 47. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʤʦʨʬʥʘʷ ʬʘʟʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʦʨʦʰʢʘ GlyGly ʧʘʨʘʤʠ 

ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʫʰʠʪʝʣʷ, ʢʨʠʚʘʷ (ʙ) ʥʘ ʈʠʩʫʥʢʝ 47.  

 

 

ʈʠʩʫʥʦʢ 47 ï ʇʈɼ-ʛʨʘʤʤʳ ʧʦʨʦʰʢʘ GlyGly ʜʦ (ʘ) ʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ (ʙ) 

CCl4, (ʚ) H2O ʠ (ʛ) ʩʤʝʩʴʶ CCl4 ʠ ʚʦʜʳ (20:1 ʧʦ ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʠʪʝʣʴ:ʚʦʜʘ) ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ [ɸ4] 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʦʨʬʥʦʛʦ ʧʦʨʦʰʢʘ ʩ ʧʘʨʘʤʠ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʢʨʠʚʘʷ (ʚ) ʥʘ ʈʠʩʫʥʢʝ 47. ʊʘʢʦʡ ʞʝ 
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ʨʝʟʫʣʴʪʘʪ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʧʦʨʦʰʢʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʩ ʧʘʨʘʤʠ CCl4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʢʨʠʚʘʷ (ʛ) ʥʘ ʈʠʩʫʥʢʝ 47. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ GlyGly 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ Ŭ-ʬʦʨʤʫ [102]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ɸʉʄ, ʈʠʩʫʥʦʢ 45ï46 [ɸ4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʇʈɼ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ 

ʚʦʜʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʧʝʧʪʠʜʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʜʦʙʘʚʣʷʝʤʦʡ ʚ ʩʠʩʪʝʤʫ, ʥʘ 

ʩʘʤʦʩʙʦʨʢʫ GlyGly. ɼʣʷ ʵʪʦʛʦ ʘʤʦʨʬʥʫʶ ʧʣʝʥʢʫ GlyGly ʥʘʩʳʱʘʣʠ ʧʘʨʘʤʠ ʚʦʜʳ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʞʠʜʢʦʡ ʚʦʜʳ: 5, 10, 25, 50 

ʠ 200 ʤʢʣ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʚʦʜʳ ʚ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʝ ʦʙʲʝʤʦʤ 90 ʤʣ ʜʦʩʪʘʪʦʯʥʦ ʦʢʦʣʦ 2.1 ʤʢʣ ʞʠʜʢʦʡ ʚʦʜʳ. 

ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʦʙʲʝʤʦʚ ʞʠʜʢʦʡ ʚʦʜʳ, ʨʘʟʣʠʯʘʶʪʩʷ, 

ʈʠʩʫʥʦʢ 48. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ GlyGly ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ 

ʚʦʜʳ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʨʘʟʥʦʛʦ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ: 5 ʤʢʣ (ʈʠʩʫʥʦʢ 48ʘ, ʙ, ʚ), 

10 ʤʢʣ (ʈʠʩʫʥʦʢ 48ʛ, ʜ, ʝ), 25 ʤʢʣ (ʈʠʩʫʥʦʢ 48ʞ, ʟ, ʠ), 50 ʤʢʣ (ʈʠʩʫʥʦʢ 48ʢ, ʣ, ʤ), 

200 ʤʢʣ (ʈʠʩʫʥʦʢ 48ʥ, ʦ, ʧ) ʠ ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ: 10 ʤʠʥʫʪ (ʈʠʩʫʥʦʢ 48ʘ, 

ʛ, ʞ, ʢ, ʥ), 60 ʤʠʥʫʪ (ʈʠʩʫʥʦʢ 48ʙ, ʜ, ʟ, ʣ, ʦ) ʠ 24 ʯʘʩʘ (ʈʠʩʫʥʦʢ 48ʚ, ʝ, ʠ, ʤ, ʧ). 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ GlyGly ʧʘʨʘʤʠ ʚʦʜʳ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʠ ʚ ʯʘʰʢʫ ʇʝʪʨʠ 5 

ʤʢʣ ʞʠʜʢʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʫʞʝ ʧʦʩʣʝ 10 

ʤʠʥʫʪ, ʈʠʩʫʥʦʢ 48ʘ. 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʚʦʜʳ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 10 ʤʢʣ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʈʠʩʫʥʦʢ 48ʛ, ʜ, ʝ. ʅʘ ʚʝʨʰʠʥʘʭ ʩʢʣʘʜʦʢ 

ʦʙʨʘʟʫʶʪʩʷ ʟʘʨʦʜʳʰʠ ʜʠʘʤʝʪʨʦʤ ʦʪ 400 ʜʦ 650 ʥʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʜʦʙʘʚʣʷʝʤʦʡ ʞʠʜʢʦʩʪʠ ʜʦ 50 ʤʢʣ, ʈʠʩʫʥʦʢ 48ʢ, ʣ, ʤ, ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ, ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʝʥʢʠ, ʥʦ ʩʦʭʨʘʥʷʶʪʩʷ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ, ʈʠʩʫʥʦʢ 48ʤ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʣʷʝʤʦʡ ʞʠʜʢʦʡ ʚʦʜʳ ʜʦ 200 

ʤʢʣ ʠ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ (24 ʯ) ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʞʠʜʘʥʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʈʠʩʫʥʦʢ 
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48ʧ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʦʙʥʘʨʫʞʝʥʳ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 200 

ʜʦ 600 ʥʤ, ʧʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʈʠʩʫʥʦʢ 48ʧ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʚʣʠʷʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ GlyGly ʚ ʚʦʜʝ, ʢʘʧʣʠ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ, ʈʠʩʫʥʦʢ 35. ʈʘʟʣʠʯʠʝ ʚ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʤʦʨʬʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟ ʜʠʧʝʧʪʠʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʧʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ ʠ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʥʦʚʳʝ ʧʦʨʮʠʠ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, 

ʜʦʙʘʚʣʷʝʤʦʡ ʚ ʩʠʩʪʝʤʫ, ʫʩʢʦʨʷʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ 

ʚʦʜʳ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʡ ʧʣʝʥʢʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʤ 

ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʛʨʝʛʘʮʠʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ. 
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ʈʠʩʫʥʦʢ 48 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʦʢ GlyGly ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʤʝʪʘʥʦʣ/ʚʦʜʘ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʚʦʜʳ, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʨʘʟʥʦʛʦ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ (ʘ, ʙ ʚ) 5 ʤʢʣ, (ʛ, ʜ, ʝ) 10 ʤʢʣ, (ʞ, ʟ, ʠ) 25 

ʤʢʣ, (ʢ, ʣ, ʤ) 50 ʤʢʣ, (ʥ, ʦ, ʧ) 200 ʤʢʣ, ʚ ʪʝʯʝʥʠʝ (ʘ, ʛ, ʞ, ʢ, ʥ) 10 ʤʠʥʫʪ, (ʙ, ʜ, ʟ, ʣ, ʦ 

) 60 ʤʠʥʫʪ ʠ (ʚ, ʝ, ʠ, ʤ, ʧ) 24 ʯʘʩʦʚ 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʦʚ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʩʘʤʦʩʙʦʨʢʫ ʜʠʧʝʧʪʠʜʘ GlyGly ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ GlyGly. 

ɼʣʷ ʵʪʦʛʦ ʢ 4 ʤʛ GlyGly ʜʦʙʘʚʣʷʣʠ 300 ʤʢʣ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʨʦʤʝ ʜʠʭʣʦʨʤʝʪʘʥʘ. 

ʏʝʨʝʟ 24 ʯ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʦʢ. ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ, ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ɸʉʄ, 

ʈʠʩʫʥʦʢ 49, ʊʘʙʣʠʮʘ 3 [ɸ4].  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

GlyGly ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʥʠʟʢʦʡ. ɼʘʞʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1 ʤʢʛ ʜʠʧʝʧʪʠʜʘ ʥʘ 1 ʤʣ 

ʜʠʭʣʦʨʤʝʪʘʥʘ ʨʘʩʪʚʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʩʧʝʥʟʠʶ. ʇʦʵʪʦʤʫ, ʦʮʝʥʠʪʴ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ [ɸ4]. 

 

ʊʘʙʣʠʮʘ 3. ɼʘʥʥʳʝ ʦ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ GlyGly ʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʧʦ 

ʜʘʥʥʳʤ ɸʉʄ [ɸ4]. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ, 

ʤʢʤ 

ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ, 

ʤʢʤ 

ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ, 

ʤʢʤ 

ʉʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ, 

ʤʢʤ 

ʄʘʩʩʘ 

ʯʘʩʪʠʮ 

ʜʠʧʝʧʪʠʜʘ 

ʚ ʨʘʩʪʚʦʨʝ, 

ʤʛ 

H2O 0.1- 0.3 0.2 0.5 - 1 0.8 ~0.00006 

C6H6 0.3 - 

0.5 

0.4 0.8 - 2 1.4 ~0.00016 

CHCl3 0.6 ï 

1.2 

0.9 0.5 - 3 1.8 ~0.00113 

CCl4 0.8 ï 

1.3 

1.1 1.5 - 3 2.3 ~0.01125 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʜʠʧʝʧʪʠʜʘ GlyGly ʚ ʨʷʜʫ ʚʦʜʘ>ʙʝʥʟʦʣ>ʭʣʦʨʦʬʦʨʤ>ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ>ʜʠʭʣʦʨʤʝʪʘʥ, 
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ʪʘʢ ʢʘʢ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʠʧʝʧʪʠʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ, ʈʠʩʫʥʦʢ 49, 

ʊʘʙʣʠʮʘ 3 [ɸ4]. 

 

ʈʠʩʫʥʦʢ 49 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ GlyGly ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ: (ʘ, ʚ) H2O, (ʙ, ʛ) C6H6, (ʜ) CHCl3, (ʝ) CCl4 

[ɸ4] 

 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɸʉʄ, ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 

GlyGly, ʨʘʚʥʫʶ 1.5 ʛ/ʤʣ, ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʪʚʦʨʠʚʰʝʛʦʩʷ ʜʠʧʝʧʪʠʜʘ ʚ 

ʙʝʥʟʦʣʝ, ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ ʠʣʠ ʭʣʦʨʦʬʦʨʤʝ, ʊʘʙʣʠʮʘ 3 [ɸ4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ 

ɸʉʄ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 
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ʇʦ ʜʘʥʥʳʤ ɸʉʄ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʨʘʩʪʚʦʨʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ GlyGly 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʈʠʩʫʥʦʢ 49, ʊʘʙʣʠʮʘ 3, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ 

ʫ ʯʘʩʪʠʮ ʜʠʧʝʧʪʠʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ ʚʟʘʠʤʥʦ ʦʪʪʘʣʢʠʚʘʶʪʩʷ [ɸ4]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʨʘʩʪʚʦʨ GlyGly ʚ ʚʦʜʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ 

ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ). ʇʦ ʜʘʥʥʳʤ ɼʈʉ ʨʘʩʪʚʦʨ (4 ʤʛ 

GlyGly ʥʘ 300 ʤʢʣ H2O) ʩʦʜʝʨʞʠʪ ʯʘʩʪʠʮʳ GlyGly ʩʦ ʩʨʝʜʥʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʤʝʪʨʦʤ 155 ʥʤ, ʈʠʩʫʥʦʢ 50. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ɸʉʄ, ʈʠʩʫʥʦʢ 49 ʚ, ʊʘʙʣʠʮʘ 3. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɕ-ʧʦʪʝʥʮʠʘʣʘ 

ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣʦ -27.4 ʤɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ ʜʠʧʝʧʪʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ, ʈʠʩʫʥʦʢ 49 [ɸ4]. 

 

 

ʈʠʩʫʥʦʢ 50 ï ɼʘʥʥʳʝ ɼʈʉ ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʘ GlyGly ʚ ʚʦʜʝ [ɸ4] 

 

3.3.2. ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʛʣʠʮʠʣ-ʛʣʠʮʠʥʘ 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʜʠʧʝʧʪʠʜʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪ.r ʅʘ ʈʠʩʫʥʢʝ 51 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʂʈʉ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʝ 1700ï800 ʩʤ-1 ʜʣʷ ʥʘʜʦʩʘʜʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ GlyGly 

ʚ CCl4 (ʩʧʝʢʪʨ ʘ), ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly (ʩʧʝʢʪʨ ʙ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly ʩʤʝʩʴʶ CCl4 ʠ ʧʘʨʦʚ ʚʦʜʳ 

(ʩʧʝʢʪʨ ʚ) ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ [ɸ4]. 
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ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ ʚ ʦʙʣʘʩʪʠ 964 ï 984 ʩʤ-1, ʢʦʪʦʨʳʝ ʧʦ 

ʜʘʥʥʳʤ [103] ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʪʷʞʝʥʠʶ ʉïʉ ʩʚʷʟʠ ʚʙʣʠʟʠ ʢʦʥʮʝʚʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ. ɺ ʜʠʘʧʘʟʦʥʝ 1102 - 1186 ʩʤ-1 ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʨʫʯʠʚʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ 

ʛʨʫʧʧʳ -ʉʅ2- [103, 104]. ɺ ʜʠʘʧʘʟʦʥʝ 1644 - 1658 ʩʤ-1 ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʙʠʥʘʮʠʷ 

ʨʘʩʪʷʞʝʥʠʷ >ʉ=ʆ ʠ ʥʦʞʥʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ -NH2 [103] ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ ʛʨʫʧʧ 

>ʉ=ʆ ʠ ʥʦʞʥʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʧʧʳ -NH3
+ [104]. 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ʂʈʉ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʠʢʠ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤ GlyGly. ɺ ʩʧʝʢʪʨʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʨʘʩʪʚʦʨʘ GlyGly ʚ CCl4, ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ ʧʠʢ ʧʨʠ 1268 ʩʤ-1, ʈʠʩʫʥʦʢ 51, 

ʩʧʝʢʪʨ ʘ. ʕʪʦʪ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʦʚʦʤʫ ʠʟʛʠʙʫ ʛʨʫʧʧʳ CïOïH [105] ʠʣʠ 

ʢʦʣʝʙʘʥʠʶ ʛʨʫʧʧʳ ïOïH [106]. ʊʘʢʦʡ ʞʝ ʧʠʢ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʝ, ʧʦʣʫʯʝʥʥʦʤ 

ʜʣʷ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ, ʈʠʩʫʥʦʢ 51, ʩʧʝʢʪʨ ʙ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʨʘʩʪʚʦʨʝ ʠ ʚ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʝ ʧʨʝʦʙʣʘʜʘʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ ʜʠʧʝʧʪʠʜʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʠʨʦʢʠʡ ʧʠʢ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1544 ʩʤ-1, ʈʠʩʫʥʦʢ 51, 

ʩʧʝʢʪʨ ʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʣʝʙʘʥʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ CCl4, ʈʠʩʫʥʦʢ 52 [ɸ4]. 

ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly ʧʘʨʘʤʠ ʩʤʝʩʠ ʚʦʜʳ ʠ 

ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʠʣʠʩʴ ʧʠʢʠ ʧʨʠ 1406 ʩʤ-1 ʠ 

1562 ʩʤ-1, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ïʉʆʆï [107], ʈʠʩʫʥʦʢ 51, 

ʩʧʝʢʪʨ ʚ. ʕʪʦʪ ʩʧʝʢʪʨ ʪʘʢʞʝ ʠʤʝʝʪ ʧʠʢ ʧʨʠ 1658 ʩʤ-1, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʥʦʞʥʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʧʧʳ ïNH3
+ [104]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʚ CCl4 ʠ ʚ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʝ GlyGly 

ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʨʦʚ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʚʠʪʪʝʨ-ʠʦʥʥʘʷ ʬʦʨʤʘ ʜʠʧʝʧʪʠʜʘ. 
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ʈʠʩʫʥʦʢ 51 ï ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʘ) ʨʘʩʪʚʦʨʘ 

GlyGly ʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ, (ʙ) ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly, (ʚ) ʧʣʝʥʢʠ ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʩʤʝʩʴʶ ʧʘʨʦʚ ʚʦʜʳ ʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ [ɸ4] 

 

 

ʈʠʩʫʥʦʢ 52 ï ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ CCl4 [ɸ4] 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʚʦʜʳ ʥʘ ʩʘʤʦʩʙʦʨʢʫ 

GlyGly ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʇʨʦʠʟʚʝʜʝʥ ʧʦʠʩʢ 

ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʜʠʥʦʯʥʦʡ ʤʦʣʝʢʫʣʳ GlyGly ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʮʚʠʪʪʝʨ-
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ʠʦʥʥʦʡ ʬʦʨʤʘʭ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ ʦʜʠʥʦʯʥʦʡ 

ʤʦʣʝʢʫʣʳ GlyGly ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʪʦʛʜʘ ʢʘʢ ʮʚʠʪʪʝʨ-ʠʦʥʥʘʷ ʬʦʨʤʘ ʤʦʞʝʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʚ ʦʢʨʫʞʝʥʠʠ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʚʠʜʦʤ ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ 1 ʤʦʣʝʢʫʣʳ GlyGly ʠ 8 ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦ 8 ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ 

1 ʤʦʣʝʢʫʣʫ GlyGly, ʈʠʩʫʥʦʢ 53 [ɸ4]. 

 

 

ʈʠʩʫʥʦʢ 53 ï ʎʚʠʪʪʝʨ-ʠʦʥʥʘʷ ʬʦʨʤʘ GlyGly ʦʢʨʫʞʝʥʘ 8 ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

[ɸ4] 

 

ʕʪʦʪ ʬʘʢʪ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [102]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʦʡ GlyGly ʩʦʩʪʘʚʣʷʝʪ -592.6 ʢɼʞ ʤʦʣʴ-1 [ɸ4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ ʜʠʧʝʧʪʠʜʘ GlyGly ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʠʶ, ʯʝʤ ʮʚʠʪʪʝʨ-ʠʦʥʥʘʷ ʬʦʨʤʘ. ʇʦʵʪʦʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʛʦ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʳ GlyGly ʢ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ 

ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʣʝʛʢʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ [102]. 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ GlyGly ʥʘʭʦʜʠʪʩʷ ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʝ [102], 

ʈʠʩʫʥʦʢ 51 ʩʧʝʢʪʨ ʚ, ʘ ʚ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʝ ʠ ʚ ʨʘʩʪʚʦʨʝ GlyGly ʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ 

ʜʠʧʝʧʪʠʜ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ, ʈʠʩʫʥʦʢ 51 ʩʧʝʢʪʨ ʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤ ʠʦʥʠʟʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ [ɸ4]. 
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ʈʠʩʫʥʦʢ 54 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʚʦʜʳ ʥʘ 

ʩʘʤʦʩʙʦʨʢʫ ʧʣʝʥʢʠ GlyGly, ʥʘʩʳʱʝʥʥʦʡ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [ɸ4] 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʚʦʜʘ [ɸ4]. ɼʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʨʘʟʣʠʯʠʡ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ GlyGly ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʚʦʜʝ: ɔÐ (CH2Cl2) = 185, ɔÐ (CHCl3) = 623, 

ɔÐ (C6H6) = 2320, ɔÐ (CCl4) = 3450 [108]. ɻʠʜʨʦʬʦʙʥʳʝ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ ʠ ʙʝʥʟʦʣ ʥʝ 

ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʞʠʜʢʦʡ ʚʦʜʦʡ, ʈʠʩʫʥʦʢ 54. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʢʦʥʜʝʥʩʘʮʠʠ 

ʧʘʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʦʙʨʘʟʫʝʪʩʷ ʜʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ çʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ/ʚʦʜʘè. ʆʙʝ ʬʘʟʳ ʨʘʩʪʚʦʨʷʶʪ ʜʠʧʝʧʪʠʜ, ʥʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ 

GlyGly ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ, ʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʤʦʣʝʢʫʣʳ ʜʠʧʝʧʪʠʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘʩʳʱʘʝʪʩʷ 

ʤʦʣʝʢʫʣʘʤʠ ʜʠʧʝʧʪʠʜʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʦʜʘ, ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ GlyGly ʧʦ 

ʜʘʥʥʳʤ ɸʉʄ. ʄʦʣʝʢʫʣʳ ʜʠʧʝʧʪʠʜʘ ʜʠʬʬʫʥʜʠʨʫʶʪ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ 



88 

çʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ/ʚʦʜʘè ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʠʣʫʯʰʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʚʦʜʘ. ɺ ʩʠʩʪʝʤʝ ʩ ʙʝʥʟʦʣʦʤ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪ 

ʜʠʧʝʧʪʠʜ (ʣʫʯʰʝ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ), ʜʠʬʬʫʟʠʷ ʤʦʣʝʢʫʣ GlyGly 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʷʭ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ, ʭʣʦʨʦʬʦʨʤʘ ʠ ʜʠʭʣʦʨʤʝʪʘʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʚʦʜʥʘʷ ʬʘʟʘ ʙʳʩʪʨʦ ʥʘʩʳʱʘʝʪʩʷ ʤʦʣʝʢʫʣʘʤʠ GlyGly ʠ ʦʙʣʝʛʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʜʠʧʝʧʪʠʜʘ, ʈʠʩʫʥʦʢ 46ʢ [ɸ4]. 

ʇʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʠʧʝʧʪʠʜʘ ʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʝʛʦ 

ʤʝʥʴʰʝʡ ʜʠʬʬʫʟʠʠ GlyGly ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘʤʝʜʣʷʝʪʩʷ, ʠ 

ʯʝʨʝʟ 10 ʤʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʧʦʣʥʦʩʪʴʶ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ, ʈʠʩʫʥʦʢ 46ʞ [ɸ4]. ɸʥʘʣʦʛʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ L-ʚʘʣʠʣ-L-ʘʣʘʥʠʥʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ 

ʥʘʩʳʱʝʥʠʠ ʧʘʨʘʤʠ ʧʠʨʠʜʠʥʘ [91]. ɺ ʩʣʫʯʘʝ ʭʣʦʨʦʬʦʨʤʘ, ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʥʦ 

ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʯʝʨʝʟ ʛʨʘʥʠʮʫ çʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ/ʚʦʜʘè ʧʝʨʝʥʦʩʷʪʩʷ ʢʘʢ 

ʤʦʣʝʢʫʣʳ ʜʠʧʝʧʪʠʜʘ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʳ ʭʣʦʨʦʬʦʨʤʘ. ʇʦʵʪʦʤʫ, ʭʣʦʨʦʬʦʨʤ 

ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʜʠʧʝʧʪʠʜʦʤ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʩ ʚʦʜʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ GlyGly ʚ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʈʠʩʫʥʦʢ 46ʛ, ʜ, ʝ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʩʠʩʪʝʤʳ ʜʠʭʣʦʨʤʝʪʘʥ/ʚʦʜʘ. ɼʠʭʣʦʨʤʝʪʘʥ ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʝʪ 

ʜʠʧʝʧʪʠʜ, ʥʦ ʣʫʯʰʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʠʧʝʧʪʠʜʘ ʚ ʩʤʝʩʠ 

ʜʠʭʣʦʨʤʝʪʘʥʘ ʠ ʚʦʜʳ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʇʦʵʪʦʤʫ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʜʠʧʝʧʪʠʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦ [ɸ4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ [ɸ4]:  

(1) ʉʘʤʦʩʙʦʨʢʘ ʜʠʧʝʧʪʠʜʘ GlyGly ʠʥʠʮʠʠʨʫʝʪʩʷ ʧʘʨʘʤʠ ʚʦʜ,r ʘ ʥʝ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ.  

(2) ʇʨʦʮʝʩʩʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʜʠʧʝʧʪʠʜʘ 

ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʭ.  
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(3) ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʠʥʠʮʠʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʮʚʠʪʪʝʨ-

ʠʦʥʥʫʶ ʬʦʨʤʫ ʜʠʧʝʧʪʠʜʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʜʠʧʝʧʪʠʜʘ GlyGly ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʩʪʦʷʥʠʝ 

ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ GlyGly ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ ʜʠʭʣʦʨʤʝʪʘʥ, ʭʣʦʨʦʬʦʨʤ, ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ ʠ ʙʝʥʟʦʣ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʦʜʳ ʥʝ 

ʤʝʥʷʝʪʩʷ. ɼʦʙʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ ʠʥʠʮʠʠʨʫʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʜʠʧʝʧʪʠʜʘ. ɼʝʡʩʪʚʠʝ ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʡ ʜʠʧʝʧʪʠʜʥʦʡ ʧʣʝʥʢʠ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʱʠʝ ʜʠʧʝʧʪʠʜ ʠ ʧʣʦʭʦ 

ʩʤʝʰʠʚʘʶʱʠʝʩʷ ʩ ʚʦʜʦʡ, ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʠʧʝʧʪʠʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ ʩ ʧʘʨʘʤʠ ʚʦʜʳ ʟʘʚʠʩʷʪ 

ʪʘʢʞʝ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʩʠʩʪʝʤʝ. ʀʟʙʳʪʦʢ ʚʦʜʳ ʚ 

ʩʠʩʪʝʤʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʠʧʝʧʪʠʜʘ. 

ʇʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʩʘʤʦʩʙʦʨʢʠ ʜʠʧʝʧʪʠʜʘ GlyGly ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʬʦʨʤʳ GlyGly ʚ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʠʥʠʮʠʠʨʫʶʪ ʧʝʨʝʭʦʜ ʤʦʣʝʢʫʣ ʜʠʧʝʧʪʠʜʘ ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʫʶ ʬʦʨʤʫ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʘɦʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʩʥʠʞʘʝʪʩʷ. ʇʝʨʝʩʳʱʝʥʠʝ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʣʝʢʫʣʘʤʠ ʜʠʧʝʧʪʠʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʭ ʩʘʤʦʩʙʦʨʢʠ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʠʧʝʧʪʠʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ ʠ ʚʦʜʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʧʣʝʥʦʢ ʘʤʦʨʬʥʳʭ ʜʠʧʝʧʪʠʜʦʚ ʧʘʨʘʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ, ʙʳʩʪʨʳʤ ʠ ʜʝʰʝʚʳʤ 

ʤʝʪʦʜʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ GlyGly. 
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3.4. ɺʣʠʷʥʠʝ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʜʠʧʝʧʪʠʜʘʭ L-

ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥ ʠ L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨ.  

 

3.4.1. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʩʙʦʨʢʘ L-ʣʝʡʮʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥʘ 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ LeuPhe ʠʟ ʨʘʩʪʚʦʨʘ ʚ HFIP ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.4 ʤʛ/ʤʣ, ʈʠʩʫʥʦʢ 55. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʧʨʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʚʳʩʳʭʘʥʠʠ, ʈʠʩʫʥʦʢ 55ʘ, ʦʙʨʘʟʫʶʪʩʷ ʠʛʣʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʜʣʠʥʦʡ 2ï13 ʤʢʤ. ʇʨʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʫʰʢʝ, ʈʠʩʫʥʦʢ 55ʙ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʚʳʪʷʥʫʪʳʝ ʧʨʦʪʷʞʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʛʣʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʜʣʠʥʦʡ 1 - 7 ʤʢʤ, 

ʰʠʨʠʥʦʡ 300 ʥʤ - 1 ʤʢʤ.  

 

 

ʈʠʩʫʥʦʢ 55 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʥʦʢ LeuPhe ʠʟ ʨʘʩʪʚʦʨʘ ʚ HFIP (0.4 

ʤʛ/ʤʣ) ʥʘ ʢʨʝʤʥʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ (ʘ) ʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ (ʙ) ʩʫʰʢʠ, ʤʝʪʦʜʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ (ʚ), ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ MeOH (ʛ) 

 

ʇʦʩʢʦʣʴʢʫ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʦʢ ʙʳʣʘ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ: ʤʝʪʦʜ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʦʜʦʞʢʠ [108]. ʅʘʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʘ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ ʧʨʠʚʝʣʦ ʢ 
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ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʪʝʚʠʜʥʳʭ ʥʘʥʦʦʙʨʘʟʦʚʘʥʠʡ, ʈʠʩʫʥʦʢ 

55ʚ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʥʢʠ ʥʘ ʩʢʘʥʝ 15Ĭ15 ʤʢʤ2 ï 2.2Ñ0.1 ʥʤ. 

ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʤʝʪʘʥʦʣʦʤ ʥʘ ʧʦʜʣʦʞʢʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʛʣʦʦʙʨʘʟʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʣʠʥʦʡ 10ï15 ʤʢʤ, ʈʠʩʫʥʦʢ 55ʛ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʠʥʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 3 ʤʢʤ. ʊʦʣʱʠʥʘ ʠʛʦʣʦʢ ʩʦʪʩʘʚʣʷʝʪ 500ï800 ʥʤ. 

ɼʣʷ ʧʣʝʥʦʢ ʜʠʧʝʧʪʠʜʘ LeuPhe, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʤʝʪʘʥʦʣʝ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ 1 ʤʛ/ʤʣ) ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

[ɸ5]. ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʚʳʩʳʭʘʥʠʝ ʨʘʩʪʚʦʨʘ, ʈʠʩʫʥʦʢ 56ʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʪʷʞʸʥʥʳʭ ʚʦʣʦʢʦʥ ʜʣʠʥʦʡ 

ʙʦʣʝʝ 10 ʤʢʤ, ʰʠʨʠʥʦʡ 1ï3 ʤʢʤ [ɸ5]. ʇʦʩʣʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʜʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʜʣʠʥʦʡ ʦʪ 5 ʜʦ 15 ʤʢʤ, 

ʨʘʟʙʨʦʩ ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʣʷʝʪ 1.5 ʤʢʤ, ʈʠʩʫʥʦʢ 56ʙ. ɺ ʮʝʥʪʨʝ ʜʝʥʜʨʠʪʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʜʣʠʥʦʡ ʦʢʦʣʦ 1 ʤʢʤ [ɸ5]. 

 

 

ʈʠʩʫʥʦʢ 56 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʥʦʢ LeuPhe ʠʟ ʨʘʩʪʚʦʨʘ ʚ MeOH (1 

ʤʛ/ʤʣ) ʥʘ ʢʨʝʤʥʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ (ʘ) ʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ (ʙ) ʩʫʰʢʠ, ʤʝʪʦʜʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ (ʚ), ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ (ʛ) [ɸ5] 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ 

ʜʠʧʝʧʪʠʜʘ LeuPhe ʦʙʨʘʟʫʶʪʩʷ ʤʝʣʢʠʝ ʰʘʨʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʚʦʨʩʠʥʢʘʤʠ, 

ʈʠʩʫʥʦʢ 56ʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʰʘʨʦʚ ʠʤʝʶʪ ʜʣʠʥʫ ʤʝʥʝʝ 1 ʤʢʤ, ʥʝʢʦʪʦʨʳʝ ʞʝ 

ʜʦʩʪʠʛʘʶʪ 2 ʤʢʤ, 56ʚ. ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʧʣʝʥʢʠ LeuPhe ʤʝʪʘʥʦʣʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 300 ʥʤ 

ʠ ʰʠʨʠʥʦʡ ʦʪ 1 ʜʦ 3 ʤʢʤ, ʈʠʩʫʥʦʢ 56ʛ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ [8] ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʜʠʧʝʧʪʠʜʘ 

LeuPhe ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʦ 9 ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʜʠʧʝʧʪʠʜʘ LeuPhe ʧʨʠʩʫʪʩʪʚʫʝʪ 4 ʤʦʣʝʢʫʣʳ, ʈʠʩʫʥʦʢ 57, 

ʩʠʥʛʦʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʣʠʥʥʦʡ, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ a Ĭ b Ĭ c = 

16.824 Ĭ 5.3659 Ĭ 17.578. ʇʦʩʢʦʣʴʢʫ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʙʦʢʦʚr ʝ ʨʝʙʨʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ, ʪʦ 

ʢʨʠʩʪʘʣʣʳ LeuPhe ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ. ɼʘʥʥʳʡ ʬʘʢʪ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ɸʉʄ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʢʠ LeuPhe ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʷʤʳʝ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ, ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʚʝʨʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʢʠ. 

 

ʈʠʩʫʥʦʢ 57 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ LeuPhe [8] 

 

ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʧʣʝʥʢʠ LeuPhe ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʘʟʤʝʨ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ, ʈʠʩʫʥʦʢ 58. 
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ʊʘʢ, ʥʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ ʧʘʨʘʤʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʈʠʩʫʥʦʢ 58ʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨ ʚʳʩʦʪʦʡ ʜʦ 60 ʥʤ. ʇʦʩʣʝ 30 ʤʠʥʫʪ, ʈʠʩʫʥʦʢ 58ʙ, ʦʙʨʘʟʫʶʪʩʷ 

ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʪʦʡ ʜʦ 100 ʥʤ. 

 

 

ʈʠʩʫʥʦʢ 58 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʥʦʢ LeuPhe ʠʟ ʨʘʩʪʚʦʨʘ ʚ MeOH (1 

ʤʛ/ʤʣ) ʥʘ ʢʨʝʤʥʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ MeOH ʚ ʪʝʯʝʥʠʠ 10 ʤʠʥ 

(ʘ), 30 ʤʠʥ (ʙ), 60 ʤʠʥ (ʚ) 

 

ʅʘʩʳʱʝʥʠʝ ʧʣʝʥʢʠ LeuPhe ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨ, ʚʳʩʦʪʦʡ ʜʦ 300 ʥʤ, ʈʠʩʫʥʦʢ 58ʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʤʝʨʦʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʥʘ ʦʩʥʦʚʝ ʜʠʧʝʧʪʠʜʘ LeuPhe. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤ ʚʳʩʳʭʘʥʠʠ 

ʧʣʝʥʢʠ LeuPhe ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʠʛʣʦʦʙʨʘʟʥʳʭ 

ʩʪʝʨʞʥʝʡ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʣʠ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʣʝʥʪʳ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 
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ʫʩʧʝʚʘʶʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʟʘʨʦʜʳʰʠ. ʅʘʩʳʱʝʥʠʝ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʧʣʝʥʢʠ LeuPhe 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʨʷʤʳʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ. 

 

3.4.2. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʩʙʦʨʢʘ L-ʬʝʥʠʣʘʣʘʥʠʣ-L-ʣʝʡʮʠʥʘ 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ PheLeu ʠʟ ʨʘʩʪʚʦʨʘ ʚ HFIP ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.4 ʤʛ/ʤʣ, ʈʠʩʫʥʦʢ 59. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢʘʢ 

ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʳʭ ʦʩʪʨʦʚʢʦʚʳʭ ʩʪʨʫʢʪʫʨ [ɸ5]. ʇʨʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʚʳʩʳʭʘʥʠʠ ʦʩʪʨʦʚʢʠ ʜʦʩʪʠʛʘʶʪ ʜʣʠʥʳ 10 ʤʢʤ, ʪʘʢʞʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʢʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʜʣʠʥʦʡ ʦʪ 0.5 ʤʢʤ ʜʦ 2.5 

ʤʢʤ, ʨʠʩ 59ʘ. ʇʨʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤ ʚʳʩʳʭʘʥʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʙʦʣʴʰʠʝ ʩʪʨʫʢʪʫʨʳ 

ʜʣʠʥʦʡ ʦʪ 10 ʜʦ 15 ʤʢʤ ʠ ʤʘʣʝʥʴʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʠʥʦʡ 500 ʥʤ ʠ ʤʝʥʝʝ, ʈʠʩʫʥʦʢ 

59ʙ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʥʦʢ ʜʣʷ ʩʢʘʥʦʚ 20Ĭ20 ʤʢʤ2 ʠ 

20Ĭ20 ʤʢʤ2 ʩʦʩʪʘʚʣʷʝʪ 36.4Ñ1.3 ʥʤ ʠ 60Ñ5 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ɸ5]. 

 

 

ʈʠʩʫʥʦʢ 59 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʥʦʢ PheLeu ʠʟ ʨʘʩʪʚʦʨʘ ʚ HFIP (0.4 

ʤʛ/ʤʣ) ʥʘ ʢʨʝʤʥʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ (ʘ) ʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ (ʙ) ʩʫʰʢʠ, ʤʝʪʦʜʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ (ʚ), ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ MeOH (ʛ) 
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ʄʝʪʦʜʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ PheLeu 

ʠʟ ʨʘʩʪʚʦʨʘ ʚ HFIP ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʈʠʩʫʥʦʢ 59ʚ. 

ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʩʪʦʷʪ ʠʟ ʤʘʣʝʥʴʢʠʭ ʯʘʩʪʠʮ ʜʣʠʥʦʡ 200ï500 ʥʤ . ʊʘʢʞʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʘʨʦʜʳʰʠ ʩʭʦʞʝʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʫʩʧʝʣʠ ʩʦʙʨʘʪʴʩʷ ʚ ʙʦʣʴʰʠʝ ʩʪʨʫʢʪʫʨʳ. 

ɼʘʣʝʝ, ʧʦʣʫʯʝʥʥʫʶ ʧʣʝʥʢʫ ʥʘʩʳʱʘʣʠ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ, ʈʠʩʫʥʦʢ 59ʛ. ʇʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʝʥʢʠ ʩ ʧʘʨʘʤʠ CH3OH ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʫʛʣʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 100ï250 ʥʤ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 20 ʥʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʝʥʢʠ, ʈʠʩʫʥʦʢ 59ʛ. ʏʘʩʪʠʮʳ ʚ ʦʩʪʨʦʚʢʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʩʪʘʣʠ ʙʦʣʝʝ ʢʨʫʛʣʳʤʠ, ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ 

300ï500 ʥʤ. 

ʅʘ ʈʠʩʫʥʢʝ 60 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ PheLeu ʠʟ ʨʘʩʪʚʦʨʘ ʚ 

CH3ʆʅ. 

 

 

ʈʠʩʫʥʦʢ 60 ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʥʦʢ PheLeu ʠʟ ʨʘʩʪʚʦʨʘ ʚ MeOH (1 

ʤʛ/ʤʣ) ʥʘ ʢʨʝʤʥʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ (ʘ) ʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ (ʙ) ʩʫʰʢʠ, ʤʝʪʦʜʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ (ʚ), ʧʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ MeOH (ʛ) 
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ʇʨʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʚʳʩʳʭʘʥʠʠ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʫ ʨʘʩʪʚʦʨʘ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʪʷʞʝʥʥʳʝ ʜʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʠʥʦʡ ʦʪ 10 ʜʦ 40 ʤʢʤ, ʈʠʩʫʥʦʢ 

60ʘ. ɺʝʪʚʠ ʜʝʥʜʨʠʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʧʫʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣ ʜʠʧʝʧʪʠʜʘ ʧʦ 

ʧʦʜʣʦʞʢʝ ʢ ʮʝʥʪʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, PheLeu ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ 

ʬʦʨʤʠʨʫʝʪ ʙʦʣʴʰʠʝ ʦʩʪʨʦʚʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 5 ʜʦ 15 ʤʢʤ, ʈʠʩʫʥʦʢ 

60ʙ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʪʷʞʝʥʥʳʝ ʣʠʩʪʦʦʙʨʘʟʥʳʝ ʫʯʘʩʪʢʠ, ʧʣʦʱʘʜʠ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ, ʈʠʩʫʥʦʢ 60ʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ PheLeu ʥʘ ʩʢʘʥʝ 

20 Ĭ 20 ʤʢʤ2 ʠʤʝʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 1.2Ñ0.1 ʥʤ, 60ʚ. ʇʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʧʘʨʘʤʠ ʤʝʪʘʥʦʣʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʜʠʧʝʧʪʠʜʘ 

PheLeu ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʳʪʷʥʫʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ, ʈʠʩʫʥʦʢ 60ʛ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ [8] ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʜʠʧʝʧʪʠʜʘ 

PheLeu ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʦ 13 ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ PheLeu ʥʘʭʦʜʠʪʩʷ 8 ʤʦʣʝʢʫʣ ʜʠʧʝʧʪʠʜʘ, ʩʠʥʛʦʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ a Ĭ b Ĭ c = 

5.2103 Ĭ 19.974 Ĭ 30.919, ʈʠʩʫʥʦʢ 61. 

 

 

ʈʠʩʫʥʦʢ 61 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ PheLeu [8] 

 




















































